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SUMMARY
Two a s p e c ts  o f  t h e  o c c u r r e n c e  o f  lAA in  n o d u la te d  p l a n t s  o f  
A lnus g l u t i n o s a  h av e  b e e n  I n v e s t i g a t e d .  Endogenous l e v e l s  o f  lAA 
in  r o o t  n o d u le  e x t r a c t s  w ere  com pared  t o  th o s e  from  M y ric a  g a le  an d  
V ic ia  f a b a . The m o b i l i t y  o f  e x o g e n o u s ly - a p p l ie d  r a d i o a c t i v e  lAA
(l-^ ^ C -lA A  an d  5” ^H-1AA), m a in ly  t o  t h e  h o s t  p l a n t  a f t e r  a p p l i c a t i o n  
t o  r o o t  n o d u le s ,  b u t  a l s o  w i t h in  a l d e r  s e e d l in g s  a f t e r  a p p l i c a t i o n  t o  
t h e  s h o o t a p e x , h a s  a l s o  b e e n  ex am in ed .
L e v e ls  o f  endogenous lAA i n  r o o t  n o d u le s  w ere  e s t im a te d  i n i t i a l l y  
by b io a s s a y  and  G C -M S(S.1.M .) .  The p u r i t y  o f  th e  e x t r a c t s  p ro v e d
i n s u f f i c i e n t  f o r  s a t i s f a c t o r y  a n a l y s i s ,  so  f u r t h e r  p u r i f i c a t i o n  
t e c h n iq u e s  w ere d e v e lo p e d  in v o lv in g  t h e  u s e  o f  g e l  p e rm e a tio n  
c h ro m a to g ra p h y  and  p r e p a r a t i v e  and  a n a l y t i c a l  h ig h  p e rfo rm a n c e  l i q u i d  
c h ro m a to g ra p h y . E s t im a te s  o f  lAA l e v e l s  i n  r o o t  n o d u le  an d  r o o t  e x t r a c t s  
o f  A lnus g l u t i n o s a  an d  V ic ia  fab  a . w ere  made by  U.V. a b s o rb a n c e  o f  
a n a l y t i c a l  HPLC e l u a t e s  a f t e r  s a t i s f a c t o r y  p u r i f i c a t i o n  h a d  b e e n  
a c h ie v e d .
The m o b i l i t y  o f  r a d i o a c t i v e  lAA was fo llo w e d  a f t e r  i n t r o d u c t i o n  
o f  t h e  l a b e l  i n t o  t h e  a p i c a l  b u d  and  n o d u le  lo b e  b y  m ic r o p ip e t t e  
i n j e c t i o n .  A se c o n d  m ethod  o f  l a b e l  a p p l i c a t i o n  t o  t h e  r o o t  n o d u le s ,  
by  a b s o r p t io n  v i a  an  e x p o se d  v a s c u l a r  s t r a n d  o f  a  r o o t  n o d u le ,  was a l s o  
i n v e s t i g a t e d .  D i f f e r e n c e s  i n  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y ,  as a  r e s u l t  
o f  t h e  tw o m ethods o f  a p p l i c a t i o n  o f  lAA t o  t h e  n o d u le ,  s u g g e s te d  t h a t  
a p p l i c a t i o n  by  m ic r o p ip e t t e  i n j e c t i o n  a v o id e d  d i r e c t  p e n e t r a t i o n  o f  
th e  c o n d u c tin g  t i s s u e .
Much o f  t h e  m e th a n o l s o lu b l e  r a d i o a c t i v i t y  r e c o v e r e d  i n  e x t r a c t s  
o f  t h e  p l a n t  p a r t s  i n  a l l  e x p e r im e n ts ,  re m a in e d  i n  t h e  aqueous f r a c t i o n  
a f t e r  s o lv e n t  p a r t i t i o n i n g .  H ow ever, movement o f  lA A - lik e  r a d i o a c t i v i t y  
as d e te rm in e d  b y  m o n i to r in g  o f  p r e p a r a t i v e  HPLC e l u a t e s  o f  a c i d i c  e t h e r  
e x t r a c t s  o f  t h e  s e p a r a t e d  p l a n t  p a r t s  , was shown from  t h e  r o o t  n o d u le s  
o f  a l d e r  s e e d l in g s  t o  a l l  p a r t s  o f  t h e  h o s t  p l a n t .  Movement a l s o  from  
th e  a p i c a l  b u d  t o  t h e  r e s t  o f  t h e  p l a n t  w i t h in  a  2k h o u r  a b s o r p t io n  
p e r i o d ,  f o l lo w in g  a n a ly s i s  o f  a c i d i c  e t h e r  e x t r a c t s  o f  p l a n t  p a r t s  by  
TLC, was show n. lA A - l ik e  r a d i o a c t i v i t y  (a s  d e te rm in e d  b y  p r e p a r a t i v e  
HPLC) was fo u n d  i n  b o th  b a r k  an d  wood o f  t h e  s te m  a f t e r  a p p l i c a t i o n  
o f  l a b e l  t o  t h e  n o d u le  e i t h e r  b y  m ic r o p ip e t t e  i n j e c t i o n  o r  by  a b s o r p t io n  
v i a  an ex p o sed  v a s c u l a r  s t r a n d .
l a i
S in c e  p u r i f i c a t i o n  o f  e x t r a c t s  f o r  endogenous 1AA“ b y  p r e p a r a t i v e  
HPLC, show ed t h a t  c o n ta m in a n ts  w ere  s t i l l  p r e s e n t ,  f u r t h e r  e v id e n c e  
t o  c o n firm  th e  m o b i l i t y  o f  r a d i o a c t i v e  lAA b o th  o u t o f  a n d  i n t o  t h e  
r o o t  n o d u le s  o f  A lnus g l u t i n o s a  s e e d l in g s  i s  r e q u i r e d .
IV
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INTRODUCTION
I . Endogenous p l a n t  horm ones i n  t h e  r o o t  n o d u le  
( a) L e v e ls  o f  horm ones
R oot n o d u le s  o f  b o th  leg u m in o u s  and  n o n -le g u m in o u s  p l a n t s  have  
b een  fo u n d  g e n e r a l ly  t o  c o n ta in  h ig h e r  l e v e l s  o f  p l a n t  horm ones th a n  
th e  p a r e n t  r o o t s  ( a u x in ,  i n  p a r t i c u l a r  i n d o l e - 3 - a c e t i c  a c id  ( lA A ), 
g i b b e r e l l i n  an d  c y to k in in  T a b le  l ) .  E x c e p tio n s  t o  t h i s  g e n e r a l  
o b s e r v a t io n  a r e  t h e  r o o t  n o d u le s  o f  M y rica  c e r i f e r a  and  C a s u a r in a  
cu n n in g h am ian a  w h ere  a u x in  was n o t  d e te c te d  ( S i l v e r  e t  a l . , 1966) 
a l th o u g h  g i b b e r e l l i n s  (H enson i n  W h ee le r e t  a l . , 1979) and  c y to k in in s  
a re  p r e s e n t  i n  M y rica  g a le  (Berm udez de C a s tro  e t  a l . ,  1977 ; Henson 
and  W h e e le r , 1 9 7 7 e ) .
L e v e ls  o f  p l a n t  horm ones i n  r o o t  n o d u le s  have  b e e n  e s t im a te d  
by  b i o a s s a y ,  a lth o u g h  in  l a t e r  w ork on a u x in s ,  D u l l a a r t  ( 1 9 6 7 , 1970) 
m easu red  lAA s p e c t r o f l u o r i m e t r i c a l l y . P u b l is h e d  e s t im a te s  o f  th e  
lAA, g i b b e r e l l i n  and  c y to k in in  c o n te n t  o f  r o o t  n o d u le s  and  r o o ts  o f  
n i t r o g e n - f i x i n g  p l a n t s  a re  sum m arised  i n  T a b le  2 .  A lso  in c lu d e d  
in  t h e  t a b l e  a r e  v a lu e s  f o r  i n d o le - 3 - c a r b o x y l i c  a c id  (iCA ) i n  th e  
r o o t  n o d u le s  and  r o o t s  o f  A lnus g l u t i n o s a  and  L u p in u s l u t e u s . I n  
b o th  t h e s e  s p e c i e s ,  l a r g e r  am ounts o f  ICA w ere  fo u n d  in  th e  p a r e n t  
r o o ts  th a n  i n  t h e  r o o t  n o d u le s . S e v e r a l  f a c t o r s  c o u ld  b e  r e s p o n s ib le  
f o r  d i f f e r e n c e s  i n  t h e  a u x in  com plem ents o f  r o o ts  an d  n o d u le s .  F o r 
e x a m p le , a u x in s  o th e r  th a n  lAA may b e  p r e s e n t  i n  t h e  r o o t s  , and  th e s e  
w ou ld  r a i s e  t h e  o v e r a l l  a u x in  l e v e l  much c lo s e r  t o  t h a t  o f  th e  n o d u le s  
S u p p o r tin g  t h i s  p o s s i b i l i t y ,  i s  t h e  w ork o f  B u r n e t t  e t  a l . ,  ( 1 9 6 5 ) , 
who fo u n d  f o u r  g ro u p s  o f  n a t u r a l l y  o c c u r r in g  w a t e r - s o lu b l e  a u x in s  
i n  a  p a r t i a l l y  p u r i f i e d  e x t r a c t  o f  V ic ia  fa b  a  r o o t s .  I n  a d d i t i o n ,  
th e  h o rm o n a l com plem ent o f  many s p e c ie s  i s  m o s tly  c o n ju g a te d ,  so  
t h a t  d i f f e r e n c e s  i n  l e v e l s  o f  d e t e c t a b l e  ' f r e e '  horm one c o u ld  b e  a 
r e f l e c t i o n  o f  d i f f e r e n c e s  i n  th e  d e g re e  o f  c o n ju g a t io n  b e tw e en  p l a n t  
p a r t s , F o r  e x a m p le , i n  d ic o ty le d o n o u s  p l a n t s  ( in c l u d in g  leg u m es) 
lAA i s  c o n ju g a te d  t o  p e p t i d e s , w h e reas  in  mono c o ty l e donous p l a n t s  i t  
i s  m a in ly  e s t e r i f i e d ,  a l th o u g h  in  A vena , d i f f e r e n t  c o n ju g a te s  h av e
T able 1
P la n t  horm ones i n  r o o t  n o d u le s  o f  leg u m in o u s  
and  n o n -le g u m in o u s  p l a n t s .
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T a b le  2
Hormone l e v e l s  i n  n o d u la te d  r o o t s
( a ) I n d o l e - 3 " a c e t i c  a c i d - l i k e  a c t i v i t y
S p e c ie s
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( i )  -  n o t  d e te rm in e d
b e e n  fo u n d  i n  t h e  s h o o t  and  th e  s e e d  ( Labar.qa e t  a l . ,  1 9 6 5 ; Ban d u rs  k i  
and  S c h u lz e ,  197^» 1977)* O th e r  p l a n t  horm ones a l s o  form  
c o n ju g a te s ;  g i b b e r e l l i n  g lu c o s id e  c o n ju g a te s  ( s e e  Sem bdner e t  a l , 1976 
f o r  r e f e r e n c e s )  an d  c y to k in in  g lu c o s id e  and  p e p t i d y l  c o n ju g a te s  a re  
known t o  o c c u r  n a t u r a l l y .  More p a r t i c u l a r l y ,  z e a t i n  r i b o s i d e  was 
th o u g h t  t o  b e  t h e  m a jo r  c y to k in in  i n  n o d u le s  o f  V i c ia  f a b a  (H enson 
and W h e e le r , 1 9 7 6 ) ,  P u r s h ia  t r i  d e n t a t  a , H ippophae rh am n o id es  and 
A lnus r u b r a  (H enson and  W h e e le r , 1977®)* In  A lnus g l u t i n o s a  r o o t  
n o d u le s , m ost c y to k in in  was p r e s e n t  i n  t h e  fo rm  o f  g lu c o s id e s  (H enson 
and  W h e e le r , 1977c) as i t  was i n  M y rica  g a le  and  C o l l e t i a  p a ra d o x a  
(H enson and  W h e e le r , 1977®)*
E s t im a t io n s  o f  f r e e  lAA in  p l a n t  t i s s u e s  s h o u ld  t h e r e f o r e  
i d e a l l y  t a k e  i n t o  a c c o u n t t h e  e f f e c t s  o f  t h e  e x t r a c t i o n  p ro c e d u re s  
upon b o th  f r e e  an d  c o n ju g a te d  lAA, U s u a lly  t h e  p ro c e d u re  in v o lv e s  an 
i n i t i a l  e x t r a c t i o n  in  aqueous m e th a n o l f o r  up t o  24 h o u rs  a t  0 -4 °C , 
c o n d i t io n s  w h ich  may r e l e a s e  some 'bound* a u x in s  ( B e n t l e y ,  I 9 6 2 ) ,  so  
g iv in g  e r ro n e o u s  l e v e l s  o f  'f r e e *  lAA, T h is  h a s  b e e n  c o n firm e d  b y  
B a n d u rsk i and  S c h u lz e  (197^) who fo u n d  t h a t  even  u s in g  e x t r a c t i o n  
c o n d i t io n s  d e s ig n e d  t o  m in im ise  h y d r o ly s i s  o f  lAA c o m p le x e s , 5^ 
h y d r o ly s i s  o f  lAA i n o s i t o l  e s t e r  s ta n d a r d s  o c c u r r e d .  T h is  d id  n o t  
a p p ly  t o  p e p t i d y l  c o n ju g a te s  w h ich  r e q u i r e d  s t r o n g l y  a l k a l i n e  e x t r a c t i o n  
c o n d i t io n s  ( 7H a l k a l i  f o r  3 h o u rs  a t  100°C) f o r  c o n v e rs io n  t o  f r e e  lAA. 
H ow ever, a l th o u g h  m ost e x t r a c t i o n  p ro c e d u re s  can  b e  c r i t i c i s e d  f o r  n o t  
t a k in g  a c c o u n t o f  t h e  e x i s t e n c e  o f  c o n ju g a te s ,  d e v is in g  t h e  i d e a l  
p ro c e d u re  t o  e l im in a te  c o n ju g a te  h y d r o ly s i s  d u r in g  e x t r a c t i o n  p o se s  
many d i f f i c u l t i e s .  I d e n t i f i c a t i o n  o f  a l l  lAA com plexes i n  t h e  
p a r t i c u l a r  t i s s u e  w ou ld  b e  n e c e s s a r y ,  w hich  in  t u r n  w o u ld  r e q u i r e  
a n a ly s i s  o f  a l l  t h e  f r a c t i o n s  o b ta in e d  d u r in g  e x t r a c t i o n  o f  t h e  t i s s u e .  
T hese p ro b le m s a re  l i k e l y  t o  b e  e x a c e r b a te d  b y  t h e  s c a r c i t y  o f  
in f o r m a t io n  c o n c e rn in g  t h e  s t r u c t u r e  o f  n a t u r a l l y  o c c u r r in g  lAA 
c o n ju g a te s .  F o r  e x a m p le , i n  v e g e ta t i v e  t i s s u e  o n ly  one h as  b een  
d e s c r ib e d ,  i n d o l e - 3 ~ a c e t y l - a s p a r t i c  a c id  ( T i l l b e r g ,  1974) a l th o u g h  t h e  
c o n ju g a te s  from  A vena an d  Zea s e e d s  a r e  w e l l  docum en ted  (lUeda and  
B a n d u r s k i ,  1 9 7 ^ ; P e r c i v a l  and  B a n d u r s k i,  1 9 7 6 ) .
( b ) O r ig in  o f  horm ones
The e l e v a t i o n  o r  lo w e r in g  o f  horm one l e v e l s , i s  a  common f e a t u r e  
o f  p l a n t  t i s s u e s  f o l lo w in g  t h e i r  in v a s io n  by  p a r a s i t i c  m ic ro -o rg a n is m s  
( S e q u e i r a ,  1 9 7 3 ) ,  s u g g e s t in g  t h a t  t h e  horm one l e v e l s  o b s e rv e d  in  
r o o t  n o d u le s  may be  a s c r i b e d  i n  some way t o  in v a s io n  o f  t h e  r o o t s  by  
th e  m ic ro sy m b io n t. The h ig h ly  o r g a n is e d  n o d u le  s t r u c t u r e  p ro d u c e d  
fo l lo w in g  i n f e c t i o n  by  n i t r o g e n - f i x i n g  b a c t e r i a ,  c o n t r a s t s  m ark ed ly  
w ith  t h e  m ass o f  u n d i f f e r e n t i a t e d ,  som etim es tum ourous t i s s u e  in d u c e d  
by  some p a r a s i t i c  o rg an ism s  (P o s th u m u s , I 9 6 7 ) .  I t  i s  p o s s i b l e ,  
t h a t  i n  t h e  s y m b io t ic  a s s o c i a t i o n  th e  s y n th e s i s  o f  horm ones by  th e  
e n d o p h y te , o r  by  t h e  h o s t  t i s s u e  fo l lo w in g  s t i m u la t i o n  by  th e  
e n d o p h y te , may b e  s u b je c t  t o  some s o r t  o f  c o n t r o l  m echanism  , n o rm a lly  
a b s e n t  from  t h e  p a r a s i t i c  a s s o c i a t i o n ,  w hich  a llo w s  t h e  n o d u le  t o  
d e v e lo p  i t s  c h a r a c t e r i s t i c  s t r u c t u r e .
W hether t h e  h o s t  p l a n t  o r  t h e  m ic ro sy m b io n t, o r  b o t h ,  p ro d u c e
th e  horm ones i s  s t i l l  a  m a t t e r  f o r  c o n je c tu r e .  R h izob ium  s p e c i e s ,
w h ich  sym b iose  w i th  le g u m e s , h av e  lo n g  b e e n  known t o  s y n th e s i s /  p l a n t
A
horm ones in  c u l t u r e , f o r  ex a m p le , a u x in s ,  m a in ly  lAA and  ICA ( L in k , 
1 9 3 7 ; C hen, 1 9 3 8 ; T h im ann , 1 9 3 9 ; G eorg i and B e g u in , 1 9 3 9 ; R igaud  
and B u la r d ,  1 9 ^ 5 ; Hartm ann and G lo m b itz a , 1 9 6 7 ; D u l l a a r t , 1 9 7 0 )-  
S im i l a r ly  c y to k in in s  ( G ia n n a t t a s io  and  C o p p o la , 1 9 6 9 ; P h i l l i p s  
and T o r r e y ,  1 9 7 0 , 1972) and  g i b b e r e l l i n - l i k e  s u b s t a n c e s ,  w h ich  a re  
a c t i v e  i n  b i o a s s a y ,  have  b e e n  d e te c te d  i n  s m a ll  am ounts (K a tz n e ls o n  
and  C o le , I 9 6 5 ) .  Growth s u b s ta n c e s  hav e  b e e n  shown a l s o  t o  b e  
r e l e a s e d  by  R hizob ium  a t  t h e  r o o t  s u r f a c e s  o f  i n o c u l a t e d  p l a n t s  
( D a r t ,  197^ ) ,  i n  p a r t i c u l a r  lAA (A lle n  and  A l l e n ,  1 9 6 8 ; K e f fo rd  
e t  a l . , i 9 6 0 ) and  c y to k in in s  (Puppo and  R ig a u d , 1 9 7 8 )•  The o r i g i n  
o f  t h e  n o d u le  horm ones h a s  n o t  b e e n  d e m o n s tra te d  d i r e c t l y  as y e t , 
a l th o u g h  i t  was c o n c lu d e d  b y  D u l l a a r t  ( 1970W., t h a t  a  s u b s t a n t i a l  
p a r t  o f  t h e  lAA p r e s e n t  i n  t h e  r o o t  n o d u le s  o f  L up inus l u t e u s  was 
p ro d u c e d  v i a  p l a n t  enzymes as  a  r e s u l t  o f  m e ta b o l ic  m o d i f i c a t i o n ,  
in d u c e d  by  r h i z o b i a l  i n f e c t i o n .  S i m i l a r l y ,  two g ro u p s  o f  c y to k in in s  
( z e a t i n  p lu s  d e r i v a t i v e s  and  s m a l l  am ounts o f  i s o p e n te n y la d e n in e  p lu s  
d e r i v a t i v e s )  w ere  fouhd  in  t h e  r o o t  n o d u le s  o f  P isum  s a t iv u m .
s u g g e s t in g  t h a t  t h e  b a c te riu m , an d  h o s t  c e l l s  m ig h t e a ch  c o n t r i b u t e  
t o  t h e  t o t a l  c y to k in in  com plem ent o f  t h e  n o d u le s  ( Syono an d  T o r re y ,
1 9 7 6 ) .  I n  n o n - le g u m e s , t h e  e n d o p h y te  i s  n o t  r h i z o b i a l ,  e x c e p t  in  
a  t r o p i c a l  s p e c ie s  P a r a s p o n ia  (Akkerm ans e t  a l . , 1 9 7 8 ) ,  h u t  i s  an 
a c tin o m y c e te  w h ich  h a s  o n ly  r e c e n t l y  b een  i s o l a t e d  from  some h o s t  
p l a n t s  (C a lla h am  e t  a l . ,  1978  ; B e r ry  and  T o r re y ,  1979)*  S in c e
i s o l a t i o n  i s  so  r e c e n t ,  t h e  o r i g i n  o f  t h e  horm ones i n  t h e  non-legum e 
a s s o c i a t i o n  i s  ev en  m ore s p e c u l a t i v e  th a n  i n  t h e  r h i z o b i a l  a s s o c i a t i o n ,  
b u t  th e  way i s  now open f o r  p h y s io l o g i c a l  i n v e s t i g a t i o n  o f  t h e  e n d o p h y te .
W hile  t h e  e v id e n c e  s u p p o r ts  t h e  s y n th e s i s  o f  horm ones by  t h e  
e n d o p h y te  and  h o s t  p l a n t  i n d i v i d u a l l y ,  t h e r e  i s  no d i r e c t  e v id e n c e  
c o n c e rn in g  th e  r e l a t i v e  c o n t r i b u t i o n s  o f  th e  sy m b io n ts  t o  a  ho rm onal 
c o n t r o l  o f  n o d u le  d i f f e r e n t i a t i o n .  The m ain  p ie c e  o f  i n d i r e c t  
e v id e n c e  s u p p o r t in g  in v o lv e m e n t o f  th e  m ic ro sy m b io n t i n  t h e  ho rm onal 
c o n t r o l  o f  n o d u le  d e v e lo p m e n t, i s  t h e  o c c u r r e n c e  o f  c e l l  d i v i s i o n  
a h e ad  o f  t h e  d e v e lo p in g  i n f e c t i o n  t h r e a d  ( le g u m e s ) ,  s u g g e s t in g  th e  
in v o lv e m e n t o f  a  d i f f u s i b l e  s t im u lu s  (L ib b e n g a  and  H ark es  , I 9 7 3 ) . The
c e l l  p r o l i f e r a t i o n  p a t t e r n s  p ro d u c e d  i n  th e  e a r l y  s ta g e s  o f  r o o t  
n o d u le  f o r m a t io n ,a r e  s i m i l a r  t o  th o s e  w h ich  o c c u r  i n  e x p la n t s  o f  p e a  
r o o t  c o r t e x  in c u b a te d  i n  a  medium c o n ta in in g  b o th  a u x in  and c y to k in in  
(L ib b e n g a  e t  a l . , 1 9 7 3 ) . The o n ly  d i r e c t  a n a ly s e s  r e l a t i n g  horm ones 
t o  n o d u le  d ev e lo p m en t h a v e  b e e n  th o s e  o f  Syono e t  a l , (1976 ) who fo u n d  
t h a t  l e v e l s  o f  c y to k in in  a c t i v i t y  i n  p e a  r o o t  n o d u le s  w ere  p o s i t i v e l y  
a s s o c i a t e d  w i th  n o d u le  g row th  r a t e ,  and  H enson and  W h e e le r  ( 1 9 7 7 b ) 
w here  i n  th e  p e r e n n i a l  n o d u le s  o f  a l d e r ,  h ig h  l e v e l s  o f  c y to k in in  
a c t i v i t y  w ere  a s s o c i a t e d  w i th  th e  b r e a k in g  o f  dorm ancy. I n  b o th  c a s e s  ,
c y to k in in s  may h av e  b e e n  c o n c e rn e d  w ith  r e g u l a t i o n  o f  m i t o t i c  a c t i v i t y  
o f  t h e  n o d u le  m e r is te m . In  n o n - le g u m e s , a  te n u o u s  r e l a t i o n  o f  h o rm ona l 
a c t i v i t y  t o  n o d u le  dev e lo p m en t was o b s e rv e d  i n  A lnus g l u t i n o s a  w ith  
th e  in d u c t io n  b y  c y to k in in s  o f  u n d i f f e r e n t i a t e d  'p s e u d o n o d u le s ’ on 
seed lo ig g  r o o t s  (R o d rig u e z  -  B a rru e c o  and  BermuddzL de C a s t r o ,  1973) ; 
t h e  phenomenon h a s  b e e n  o b s e rv e d  a l s o  on to b a c c o  r o o t s  w h ich  a r e  n e v e r  
n o d u la te d  (A ro ra  e t  a l . , 1 9 5 9 )•
A lth o u g h  h i ^ e r  l e v e l s  o f  a u x in  h av e  b e e n  fo u n d  i n  t h e  r o o t
n o d u le s  o f  many s p e c i e s ,  w h e th e r  th e y  a r i s e  as a  r e s u l t  o f  lAA 
s y n th e s i s  i n  t h e  b a c t e r o i d  o r  h o s t  p l a n t  c e l l s  o r  b y  a  low  r a t e  o f  
b reakdow n i n  t h e  h o s t  c e l l s ,  i t  i s  u n l ik e ly  t h a t  lA A , b e in g  su ch  a  
p o t e n t  g row th  s u b s ta n c e ,  w ould  o c c u r  as a  f r e e  compound a t  any g r e a t
c o n c e n t r a t i o n .  C o n tro ls  w h ich  m ig h t o p e r a te  t o  c o n f in e  t h e  e f f e c t
o f  lAA in c lu d e  com partm ent a t  io n  o r  i n a c t i v a t i o n  b y  m eans o f  c o n ju g a te  
fo rm a t io n .  F o r  e x a m p le , c o n fin e m e n t o f  t h e  lAA o x id a s e  ( p e r o x id a s e )
o f  m a tu re  b a c t e r o i d - c o n t a i n i n g  c e l l s  t o  t h e  c e l l  w a l l s ,  h a s  b een
s u g g e s te d  as a  p o s s i b l e  c a u se  o f  h ig h  lAA l e v e l s  i n  p e a  n o d u le s  
(O ostrom  e t  a l . , 1975)* H ow ever, in  a l d e r  (n o n -le g u m e ) n o d u le s ,  
w h ich  a l s o  show e l e v a te d  lAA l e v e l s  (T a b le  2 a ) p e r o x id a s e  a c t i v i t y  
h a s  b e e n  d e m o n s tra te d  b o th  i n  t h e  c e l l  w a l l  and  c y to p la s m ic  f r a c t i o n s  
(W h ee le r e t  a l . , 1 9 7 9 à ) . i n  th e  n o n - le g u m e s , M y ric a  c e r i f e r a  and  
C a s u a r in a  c u n n in g h a m ia n a , t h e  a b se n c e  o f  d e t e c t a b l e  a u x in  i n  t h e  r o o t  
n o d u le s  h a s  b e e n  a t t r i b u t e d  t o  h ig h e r  l e v e l s  o f  lAA o x id a s e  a c t i v i t y  
in  th e  r o o t  n o d u le s  com pared t o  th e  r o o ts  ( S i l v e r  e t  a l . , I 9 6 6 ) .
P h e n o l ic  compounds w h ich  a r e  p r e s e n t  i n  h ig h  am ounts M  non­
legum e n o d u le s ,  c o u ld  a f f e c t  lAA. l e v e l s  by  m o d u la tio n  o f  t h e  a c t i v i t y  
o f  lAA d e g ra d in g  enzym es. F o r  e x a m p le , m onophenols seem  t o  a c t  as 
C O -f a c t o r s  and  d ih y d r ic  and  p o ly p h e n o ls  a c t  as i n h i b i t o r s  o f  lAA 
o x id a s e  a c t i v i t y  ( S c h n e id e r  and  W ightm an, 1 9 7 ^ ) ;  t h e  l a t t e r  in c lu d e  
h i ^  m o le c u la r  w e ig h t  ' a u x in  p r o t e c t o r s ’ ( S t o n i e r ,  1 9 7 6 ; A tsum i and 
H a y a s h i , 1 9 7 8 ; S yono , 1979)* In  some t i s s u e s ,  a  m a jo r  p r o p o r t io n  
o f  e x t r a c t a b l e  lAA i s  p r e s e n t  i n  c o n ju g a te d  fo rm , f o r  e x a m p le , 80% 
o f  t h e  a c e to n e  e x t r a c t  a b le  lAA from  Avena k e r n e l s  o c c u rs  as h ig h  
m o le c u la r  w e ig h t ,  p o ly m e r ic  e s t e r s  ( P e r c i v a l  and  B a n d u r s k i ,  1 9 7 6 ) .
I t  has, liaheenen  s u g g e s te d  t h a t  su ch  compounds a r e  a  n o rm al s to r a g e  
form  o f  lA A , and  p e rh a p s  s e r v e  t o  c o n t r o l  lAA l e v e l s  i n  t h e  p a r t i c u l a r  
t i s s u e  (B e rg e r  and  A v e ry , 1 9 4 4 ; B a n d u rsk i e t  a l . , I 9 6 9 ) . E x cess  
lAA jEiinight be  c o n ju g a te d  so  t h a t  t h e  horm one re m a in s  l i m i t i n g  and  
t h e r e f o r e  r e g u l a t i n g  (B onner an d  T him ann, 1 9 3 5 ) . C o n ju g a te s  m ig h t 
a l s o  p r o t e c t  lAA from  o x id a t io n  b y  p e r o x id a s e .  Cohem and  B a n d u rsk i 
( 1 9 7 8 ) show ed t h a t  a l l  lAA c o n ju g a te s  t e s t e d  (b o th  g lu c o s id e  and 
p e p t i d y l )  w ere  r e s i s t a n t  t o  p e r o x id a s e - c a t a ly s e d  o x i d a t i o n ,  w h e re as  
lAA w as n o t .  The w id e s p re a d  d i s t r i b u t i o n  o f  lAA e s t e r s  and  p e p t i d e s ,
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and  th e  f a c t  t h a t  th e y  a r e  o f te n  p r e s e n t  i n  g r e a t e r  c o n c e n t r a t io n  
th a n  lAA, w ou ld  s u g g e s t  some m e ta b o l ic  f u n c t i o n ,  p e rh a p s  i n  t h e  
n o d u le .
To overcom e th e  p ro b lem s a s s o c i a t e d  w i th  b i o a s s a y ,  i n  th e  
e s t im a t io n  o f  endogenous lAA l e v e l s , p h y s ic o -c h e m ic a l  t e c h n iq u e s  
hav e  b e e n  u s e d  w i th  v a ry in g  d e g re e s  o f  s u c c e s s .  T hese  in c lu d e  
GLC ( e . g .  G runw ald e t  a l . ,  1 9 6 8 ; C ham pau lt, 1 9 7 5 ; DeYoe and  
Z a e r r ,  1 9 7 6 ) ,  ra d io - im m u n o a ssa y  (P e n g e l ly  and  M e in s , 1 9 7 7 ) ,  
in d o le - o r p y r o n e  f lu o r e s c e n c e  (E lia ssO n  ® t_ a l .  , 1 9 7 6 ) ,  HPLC ( e . g .
D u rley  e t  a l . , 19 7 8 ; S w e e ts e r  and  8 c h w a rtf fg g e :g ,1978 ) and  GC-MS .
Mass s p e c t r o m e t iy  h a s  b een  u s e d  i n  a  num ber o f  s t u d i e s  t o  i d e n t i f y  
th e  v e ry  s m a ll  q u a n t i t i e s  o f  horm ones w h ich  can  b e  e x t r a c t e d  from  
p l a n t  t i s s u e s  ( f o r  exam ple i n  t h e  c a se  o f  lAA, I g o s h i  ë t 9 a l ) , 1 9 7 1 , 'and 
Greenwood e t  a l . , 1 9 7 2 ) . T h is  te c h n iq u e  h a s  a l s o  b e e n  u s e d  in  
th e  S .l .M . and  M .l.M . m odes, i n  t h i s  D ep artm en t an d  e ls e w h e r e ,  
t o  q u a n t i f y  a  p a r t i c u l a r  compound in  an e x t r a c t  ( f o r  e x a m p le , 
lAA., S .l .M . -  H a l l  an d  M edlow, 1 9 7 ^ ; M .l.M . -  R i v i e r  and  P i l e t  
1 9 7 ^ ; C aruso  e t  a l . . 1 9 7 8 ; A lle n  e t  a l .  ^ 1979)* C o n s id e ra b le  
e f f o r t  was ex p en d ed  in  t h i s  p r o j e c t ,  t o  d e v e lo p  t e c h n iq u e s  w h ich  
w ou ld  a llo w  a p p l i c a t i o n  o f  p h y s ic o -c h e m ic a l  p ro c e d u re s  t o  t h e  
a n a ly s i s  o f  lAA in  e x t r a c t s  o f  r o o t  n o d u le s  from  a  v a r i e t y  o f  
p l a n t  s p e c i e s . The s p e c ie s  ch o sen  f o r  s tu d y  ra n g e d  from  a  legum e 
( v i c i a  f a b a ) , n o d u le  e x t r a c t s  o f  w h ich  w ere  low  i n  p h e n o ls  , t o  
tw o o t h e r  w oody, non-legum e s p e c i e s ,  t h e  r o o t  n o d u le s  i n  one 
(A lnus g l u t i n o s a ) r e p o r t e d  t o  c o n ta in  h ig h  a u x in  l e v e l s  ( D u l l a a r t ,  
1 9 7 0 ) and  i n  t h e  o t h e r  (M y ric a  g a l e ) t o  c o n ta in  no  d e t e c t a b l e  
a u x in  ( S i l v e r  e t  a l . ,  1 9 6 6 ) ;  im pure  e x t r a c t s  o f  b o th  woody 
s p e c ie s  a r e  r i c h  i n  p h e n o ls  w h ich  w ould  i n t e r f e r e  w i th  
c h a r a c t e r i s a t i o n  and  q u a n t i f i c a t i o n .
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I I  . lAA. i n  t h e  n o d u la te d  p l a n t
A p a rt from  t h e i r  p r o b a b le  r o l e  i n  th e  c o n t r o l  o f  n o d u le  
d e v e lo p m e n t, p l a n t  horm ones may b e  in v o lv e d  in  v a r io u s  o th e r  a s p e c ts  
o f  th e  p h y s io lo g y  o f  th e  m a tu re  n o d u le .  Assum ing t h e  a b se n c e  o f  a  
d i r e c t  e f f e c t  o f  lAA upon n i t r o g e n a g e , f o r  w h ich  t h e r e  i s  no good 
e v id e n c e ,  t h e r e  a r e  tw o m ain  ways in  w h ich  lAA p r e s e n t  i n  th e  
n o d u le  c o u ld  a f f e c t  n i t r o g e n  f i x a t i o n : -
(1 ) by d i r e c t i o n  o f  a s s i m i l a t e s  t o  t h e  n o d u le  e i t h e r  b y  an e f f e c t
upon t r a n s p o r t  o r  by s t i m u la t i o n  o f  s in k  a c t i v i t y .
( 2 ) by  an e f f e c t  upon h o s t  p l a n t  m e ta b o lis m , e .g .  p h o t o s y n t h e s i s ,
fo l lo w in g  t r a n s l o c a t i o n  from  t h e  n o d u le .
( 1 ) D i r e c t io n  o f  a s s i m i l a t e s  t o  t h e  n o d u le
N itro g e n  f i x a t i o n  i s  a  p r o c e s s  w i th  h ig h  e n e rg y  re q u ir e m e n ts  
w hich  can  o n ly  b e  m et in  t h e  g re e n  p l a n t  by  t h e  t r a n s l o c a t i o n  o f  a  
s te a d y  s u p p ly  o f  p h o to a s s im i la t e s  from  th e  s h o o t  t o  t h e  n o d u le s  , w here 
th e y  a re  u s e d  t o  g e n e r a te  r e d u c in g  pow er and ATP u s e d  i n  n i t r o g e n  
f i x a t i o n  (C h ing  e t  a l . ,  1975) and  t o  p ro v id e  c a rb o n  s k e le to n s  f o r  
am ino a c id  s y n th e s i s  from  th e  f ix e d  n i t r o g e n .  The demands p la c e d  upon 
th e  h o s t  p l a n t  by  n i t r o g e n  f i x a t i o n  a r e  c o n s id e r a b l e .  F o r  e x a m p le ,
M inch in  and  P a te  (1973 ) c a l c u l a t e d  t h a t  in  te rm s  o f  t h e  c a rb o n  
ta k e n  up b y  th e  l e a v e s , 32% was t r a n s l o c a t e d  t o  t h e  n o d u le s  o f  
P isum  s a tiv u m  u n d e r  n o rm al v e g e t a t i v e  c o n d i t io n s  {3% i n  V igna  
u n g u i c u l a t a , H e r r id g e  and  P a t e ,  1 9 7 7 ; 24% d e c l i n in g  t o  8% in
L up inus a lb u s  , P a te  and  H e r r id g e ,  1 9 7 8 ) . F o r e v e ry  mg o f  n i t r o g e n  
f i x e d ,  p e a  n o d u le s  consume a  s u b s t a n t i a l  am ount o f  c a rb o h y d ra te  
(3  -  19 mg; in  V igna  u n g u ic u l a ta  t h e  e n e rg y  co n su m p tio n  i s  6 .8  mg 
carbon /m g  n i t r o g e n  f ix e d  an d  i n  L u p in u s a lb  us 4 .0  -  6 .5  mg 
ca rbon /m g  n i t r o g e n  f i x e d ) .  T h is  h ig h  ' s i n k '  a c t i v i t y  o f  n o d u le s ,  
in  a d d i t i o n  t o  a t t r a c t i n g  s u b s t r a t e s  f o r  th e  s u p p o r t  o f  n i t r o g e n  
f i x a t i o n ,  c o u ld  a l s o  s e rv e  i n d i r e c t l y  t o  c o n t r o l
12
t h e  num bers o f  n o d u le s  fo rm ed  i n  t h e  r o o t  sy s te m . E x i s t i n g  n o d u le s  
may s e q u e s t e r  c a rb o h y d ra te  so  t h a t  t h e  p o r t i o n  o f  r o o t  n e a r e s t  a l r e a d y  
fo rm ed  n o d u le s  w ou ld  c o n ta in  to o  low  a  c o n c e n t r a t io n  t o  s u p p o r t  f u r t h e r  
n o d u le  d ev e lo p m en t ( D a r t ,  197^)*
R oot n o d u le s ,  a c t i v e  i n  n i t r o g e n  f i x â t io n » th e r e f o r e  fo rm  
s u b s t a n t i a l  s in k s  f o r  p h o to a s s im i la t e s  in  t h e  n o d u la te d  p l a n t .  I t  i s  
c o n c e iv a b le  t h a t  t h e  s i g n i f i c a n t  q u a n t i t i e s  o f  p l a n t  horm ones i n  r o o t  
n o d u le s ,  i n  p a r t i c u l a r  lAA, may p e rfo rm  one o f  t h e  m ain  f u n c t io n s  
w h ich  h a s  b e e n  s u g g e s te d  f r e q u e n t l y  f o r  th e s e  s u b s ta n c e s ,  i n  d i r e c t i n g  
th e  l o n g - d i s t a n c e  t r a n s p o r t  o f  a s s i m i l a t e s  t o  t h e  n o d u le s .  Many o f  
t h e  e x p e r im e n ts  d e s ig n e d  t o  d e m o n s tra te  h o r m o n e - d ir e c te d  t r a n s p o r t  o f  
m e ta b o l i t e s  i n  o rg a n s  o th e r  th a n  n o d u le s , h a v e  in v o lv e d  re p la c e m e n t 
o f  t i s s u e s - ^ 'n o r m a l ly  c o n s id e r e d  r i c h  i n  a u x in  o r  o t h e r  p l a n t  h o rm o n e s , 
w i th  horm one i n c o r p o r a t e d  i n t o  a  l a n o l i n  p a s te  and  f o l lo w in g  t h e  
movement o f  r a d i o a c t i v e  m e ta b o l i te s  a p p l i e d  i n  t h e  v i c i n i t y  o f  t h e  
t r e a t e d  r e g io n .  U n t i l  f a i r l y  r e c e n t l y ,  h o w e v e r, t h e s e  e x p e rim e n ts  
hav e  n o t  d i s t i n g u i s h e d  b e tw e en  th e  fo rm a tio n  o f  a  g row th  c e n t r e  in  t h e  
t i s s u e  o v e r  a  p e r io d  o f  t im e  as a  r e s u l t  o f  exogenous horm one a p p l i c a t i o n ,  
and a  d i r e c t  e f f e c t  o f  t h e  a p p l i e d  horm one on m e ta b o l i t e  t r a n s p o r t  
p r o c e s s e s .  As f a r  as t h e  r o o t  n o d u le s  a r e  c o n c e rn e d , any endogenous 
ho rm one , i f  i t  a f f e c t s  movement o f  a s s i m i l a t e s  a t  a l l ,  c o u ld  a c t  in  
e i t h e r  o r  b o th  o f  t h e s e  w ays. F i r s t l y , th ro u g h  an enhancem en t o f  
m e ta b o lism  r e s u l t i n g  e i t h e r  from  a  d i r e c t  e f f e c t  on r e s p i r a t i o n  
(B o n n e r, 1933) o r  by  th e  c r e a t i o n  o f  a  g row th  c e n t r e  i n  t h e  n o d u le  
p r o d u c in g  a  h ig h  r a t e  o f  m e ta b o lis m . S e c o n d ly , b y  movement o f  th e  
horm one i n t o  t h e  T vascu lar t i s s u e s  w here  t h e  movement o f  a s s i m i l a t e s  
c o u ld  b e  d i r e c t l y  a f f e c t e d  by  an in f lu e n c e  on th e  t r a n s p o r t  p r o c e s s e s  
w i th in  t h e  s ie v e  e le m e n ts  (K u rsa n o v , 1 9 6 3 ; P h i l l i p s ,  1 9 7 5 ) .
A l a r g e  body  o f  e v id e n c e  e x i s t s  t o  s u p p o r t  t h e  s u g g e s t io n  t h a t  
horm ones can  i n f lu e n c e  t h e  d i r e c t i o n  o f  t r a n s p o r t  o f  m e ta b o l i te s  i n  
b o th  h e rb a c e o u s  and  woody p l a n t s ,  i r r e s p e c t i v e  o f  w h e th e r  t h i s  i s  
a c h ie v e d  b y  a  ' s i n k ’ e f f e c t  o r  an  e f f e c t  on a s s i m i l a t e  t r a n s p o r t .  
lAA, h a s  b e e n  e x te n s iv e ly  i n v e s t i g a t e d  in  t h i s  r e s p e c t  (W en t, 1 9 3 6 ; 
M i tc h e l l  and  M a r t in ,  1 9 3 7 ; P e n o t , 196 I ;  B ooth  e t  a l . ,  1 9 6 2 ; D av ie s  and
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W a re in g , 1 9 6 5 ; Hew e t  a l . . 1 9 6 7 ; W oolley  and  W a re in g , 1 9 7 2 ; P a t r i c k  
and  W o o lle y , 1 9 7 3 ; A ltm an and  W a re in g , 1 9 7 5 ; da  Cruz an d  A udus, 19 7 8 ; 
P a t r i c k  and  W are ing  1 9 7 6 , 1 9 7 8 ; P a t r i c k ,  1 9 7 9 ) ,  and  can  a t t r a c t  
m e ta b o l i te s  t o  i t s  s i t e  o f  a p p l i c a t i o n .  More th a n  one horm one i s  
l i k e l y  t o  b e  in v o lv e d  i n  t h e  d i r e c t i o n  o f  a s s i m i l a t e s  t o  t h e  a p p l i c a t i o n  
s i t e ,  f o r  e x a m p le , a  s y n e r g i s t i c  e f f e c t  o f  lAA and  k i n e t i n  i n  
s t i m u la t i n g  t h e  t r a n s p o r t  o f  ^^P i n  Phasecdkus s tem s was o b s e rv e d  by  
S e th  and  W are ing  (1 9 6 7 ) .  T h is  s t i m u la t i o n  was g r e a t e r  t h a n  t h a t  o f  
lAA a lo n e  and  k i n e t i n  h a d  no  d e t e c t a b l e  e f f e c t  on t r a n s p o r t  in  t h i s  
sy s te m .
One e x p la n a t io n  f o r  th e  e x p e r im e n ta l  d a ta  d e s c r ib e d  a b o v e , c o u ld  
b e  t h a t  an lA A -s t im u la te d  a s s i m i l a t e  dem and, a c t s  a t  t h e  ' s i n k '  t o  
in f lu e n c e  a  p r e s s u r e - f lo w  m echanism  o f  a s s i m i l a t e  t r a n s l o c a t i o n  
(M unch, 1 9 3 0 ) ,  by  a t t r a c t i n g  a v a i l a b l e  a s s i m i l a t e  from  th e  s o u rc e  t o  
t h e  s i t e  o f  horm one a p p l i c a t i o n ;  t h e  tw o p r o c e s s e s  w o u ld  th e n  b e  
co m p lem en tary . The g e n e r a l  a p p l i c a b i l i t y  o f  t h i s  h y p o th e s i s  i s  
q u e s t i o n a b le ,  h o w e v e r , s in c e  W ardlaw and  M oncur (1976 ) u s in g  w heat 
fo u n d  no c o r r e l a t i o n  e i t h e r  b e tw e en  t h e  a u x in  c o n te n t  o f  a  s in k  and  
i t s  demand f o r  a s s i m i l a t e s , o r  b e tw e en  ^ ^C -au x in  movement and  a s s i m i l a t e  
t r a n s p o r t .  T h e i r  o b s e r v a t io n s  o f  ^ ^ C -p h o to s y n th a te  movement f i t t e d  
a  m echanism  o f  t r a n s l o c a t i o n  d e p e n d in g  a lm o s t e n t i r e l y  on a  s o u r c e -  
s in k  c o n c e n t r a t io n  g r a d i e n t ,  w i th o u t  ho rm onal in v o lv e m e n t ,  s i m i l a r  
t o  t h a t  o f  t h e  p r e s s u r e - f lo w  m echanism  o f  Munch (1 9 3 0 ) .
A num ber o f  s t u d i e s  , m a in ly  on th e  d ev e lo p m en t o f  f r u i t s  and  
s e e d s  , h av e  a t te m p te d  t o  r e l a t e  d i r e c t l y  endogenous horm one l e v e l s  o f  
p l a n t  o rg a n s  w ith  t h e i r  a c c u m u la tio n  o f  p h o to s y n th a te s  d u r in g  d e v e lo p ­
m en t. I n  s e e d s  o f  P isum  s a t iv u m , l e v e l s  o f  some g ib b e r r e l l in s s  
r e a c h e d  a  p e a k  d u r in g  s e e d  d ev e lo p m en t and  d e c l in e d  a t  s e e d  m a tu r i t y  
(Prydm an e t  a l . , 1 9 7 4 ) ;  l e v e l s  o f  g i b b e r e l l i n s ,  a u x in s  and  a b s c i s i c  
a c id  i n  d e v e lo p in g  p e a  se e d s  w ere  fo u n d  t o  b e  c l o s e l y  c o r r e l a t e d  w ith  
ch an g es i n  t h e  g row th  r a t e s  o f  p e a  pod  w a l l  and  s e e d s  (E.éwens and 
Schw abe, 1 9 7 5 ) . S i m i l a r l y ,  i n  to m a to  f r u i t s  and  C e r a to n ia  s e e d s ,  
t h e  l e v e l  o f  g ro w th  p ro m o tin g  s u b s ta n c e s  d e c re a s e d  w i th  m a tu r a t io n  
o f  t h e  s e e d  (A bdel-R ahm an e t  a l . , 1 9 7 5 ; I l a h i  an d  V a r d a r , 1 9 7 5 ) .
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H ow ever, i n  some f r u i t s  no c l e a r  r e l a t i o n s h i p  h a s  b e e n  o b s e rv e d  b e tw een  
l e v e l s  o f  endogenous g row th  r e g u l a t o r s  and  f r u i t  d ev e lo p m en t ( K i t s c h ,  
1 9 7 0 ) .  I t  was s u g g e s te d  by  K i t s c h  ( l9 7 0 )  t h a t  f o r  a u x in s ,  d i f f u s â t e s  
( K i t s c h ,  1 9 6 1 ) may show a  c l o s e r  c o r r e l a t i o n  th a n  e x t r a c t a b l e  a u x in s  
(K its c h  e t  a l . , I 96O ).
In a c c u r a te -  e s t im a t io n  o f  endogenous horm one l e v e l s  may p ro v id e  
a  r e a s o n  why i n  some s t u d i e s ,  no c o r r e l a t i o n  w i th  d ev e lo p m en t o r  s in k  
s t r e n g t h  h a s  b e e n  d e m o n s tra te d . I n a c c u r a c ie s  c o u ld  s te m  from  tw o 
m ain  s o u r c e s . F i r s t l y ,  i n  t h e  m a jo r i t y  o f  s t u d i e s ,  m ethods u s e d  f o r  
e s t im a t io n  o f  horm one l e v e l s  h av e  b e e n  b a s e d  on b io a s s a y s  , i n  w h ich  
i n a c c u r a t e  a s s e s s m e n ts  may r e s u l t  from  th e  p re s e n c e  o f  i n h i b i t o r s ,  
m ask in g  h o rm o n a l a c t i v i t y .  S e c o n d ly , i n  any t i s s u e ,  i n c lu d in g  n o d u le s ,  
f a c t o r s  su ch  as i n t r a c e l l u l a r  c o m p a r tm e n ta tio n  ( P a t r i c k ,  1976) and 
c h e m ic a l c o n ju g a t io n  o f  horm ones may r e s u l t  i n  d i f f e r i n g  e s t im a te s  o f  
ho rm o n a l a c t i v i t y ,  d e p e n d in g  on t h e  e x t r a c t i o n  m ethods u s e d .
In  n o d u la te d  p l a n t s ,  ch an g es i n  endogenous horm one l e v e l s  w i th  
th e  demands o f  h o s t  p l a n t  p r o c e s s e s  hav e  b e e n  d e s c r ib e d  i n  lu p in  n o d u le s  , 
w here  t h e  l e v e l  o f  f r e e  lAA. i n  a  s o lu b le  f r a c t i o n  r e a c h e d  a  p e a k  a t  
t h e  o n s e t  o f  f lo w e r in g  (A le k se e v a  and  Shram ko, 1 9 7 7 ) . D a r t  (1975) 
s u g g e s te d  t h a t  changes i n  so y b ean  n i t r o g e n a s e  a c t i v i t y  a s s o c i a t e d  w ith  
f lo w e r in g  (D ay, 1 9 7 2 ) ,  w h ich  o c c u r r e d  b e f o r e  any c o m p e t i t io n  w i th  
d e v e lo p in g  f r u i t s  f o r  p h o to s y n th a te  c o u ld  h av e  d e v e lo p e d , m ig h t b e  
due t o  a  h o rm o n a l in f lu e n c e  upon r e l a t i v e  s in k  s t r e n g t h s  i n  t h e  
n o d u la te d  p l a n t ,  a l th o u g h  d i r e c t  m easu rem en ts o f  horm one l e v e l s  w ere  
n o t  m ade. By c o n t r a s t ,  i n  n o n - le g u m e s , i n  a  s e a s o n a l  s tu d y  
in c lu d in g  t h e  dorm ant p e r i o d . o f  A lnus g l u t i n o s a  r o o t  n o d u le s , no 
s i g n i f i c a n t  changes w ere d e te c te d  i n  a u x in  c o n te n t  o f  t h e  n o d u le s  o f  
m a tu re  t r e e s  (D u l l a a r t , 1970) even  th o u g h  l a r g e  ch an g es i n  r e l a t i v e  
' s i n k '  s t r e n g t h s  m ust hav e  o c c u r r e d  o v e r  t h i s  p e r i o d .  The r e l a t i o n s h i p  
b e tw een  endogenous horm one l e v e l s  and  th e  ' s i n k '  a c t i v i t y  o f  p l a n t  
p a r t s , i s  o b s c u re d  f u r t h e r  by t h e  f a i l u r e  t o  d e t e c t  a u x in  in  n i t r o g e n -  
f i x i n g  r o o t  n o d u le s  o f  M y ric a  and  C a s u a r in a  ( S i l v e r  e t  a l . , 1 9 6 6 ) .
T h is  s u g g e s ts  e i t h e r  t h a t  a u x in  i s  n o t in v o lv e d  i n  t h e  a t t r a c t i o n  o f  
p h o to a s s im i la t e s  t o  t h e  r o o t  n o d u le ,  o r  t h a t  a u x in  i s  p r e s e n t  i n  o t h e r
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form s 5 u n d e te c te d  b y  t h e  e x t r a c t i o n  an d  a s s a y  m ethods em ployed  by 
S i l v e r  e t  a l  (1 9 6 6 ) .  I t  w ou ld  seem  t h a t  a  p r e - r e q u i s i t e  f o r  f u r t h e r  
e l u c i d a t i o n  o f  t h e  r e l a t i o n s h i p ,  i f  a n y , b e tw e en  endogenous horm one 
l e v e l s  and  s in k  s t r e n g t h ,  i s  t h e  co m p le te  e x t r a c t i o n  o f  t h e  ho rm one , 
i n  a l l  i t s  f o rm s , w i th  s u b s e q u e n t  p u r i f i c a t i o n  t o  a l lo w  a c c u r a te  and  
p r e c i s e  e s t im a t io n  o f  l e v e l s , t o g e t h e r  w i th  i d e n t i f i c a t i o n  and  e s t im a t io n  
o f  any  c o n ju g a te s  p r e s e n t .  The s u b - c e l l u l a r  c o m p a r tm e h th tio n a a d d  
l o c a l i s a t i o n  o f  t h e  v a r io u s  horm one form s c o u ld  th e n  b e  exam ined  f u r t h e r  
w i th  t h e  added  c o n f id e n c e  o f  so u n d  a n a l y t i c a l  t e c h n i q u e s .
( 2 ) T r a n s lo c a t io n  o f  n o d u le  lAA.
M ost in fo r m a t io n  c o n c e rn in g  t h e  t r a n s l o c a t i o n  o f  horm ones i n  
h ig h e r  p l a n t s  h a s  b e e n  o b ta in e d  by  fo l lo w in g  th e  movement o f  r a d i o a c t i v e  
ho rm one , a p p l i e d  b y  v a r io u s  m eans t o  t h e  p l a n t  t i s s u e s .  T h is  a p p ro a c h  
was a d o p te d  in  t h e  o n ly  tw o p u b l is h e d  s tu d i e s  o f  horm one movement i n  
n o d u la te d  p l a n t s .  I n  P h a s e d lm s v u lg a r is , s u b s t a n t i a l  movement was 
o b s e rv e d  t o  a l l  p l a n t  p a r t s ,  in c lu d in g  th e  n o d u le s ,  o f  r a d i o a c t i v i t y  
d e r iv e d  from  ^^C-ABA a p p l i e d  t o  a  l e a f ,  and  c h ro m a to g ra p h ic  a n a ly s i s  
s u g g e s te d  t h a t  some r a d i o a c t i v i t y  rem a in e d  as ABA i n  t h e  r e c e iv i n g  
o rg a n s  (H ock ing  e t  a l . , 1 9 7 2 ) . R a d i o a c t iv i t y  d e r iv e d  from  ^ ^ C -z e a t in  
moved t o  a l l  p a r t s  o f  an  A lnus g l u t i n o s a  s e e d l i n g ,  w i t h i n  2h h o u rs  o f  
a p p l i c a t i o n  t o  a  r o o t  n o d u le ;  ch ro m a to g rap h y  show ed t h a t  some o f  t h i s  
r a d i o a c t i v i t y  was s i m i l a r  t o  z e a t i n  (H enson and  W h e e le r , 19TTd). 
y  H ow ever, a l th o u g h  (tiii's] d a ta  s u p p o r te d  th e  o c c u r r e n c e  o f  some t r a n s l o c a t i o n  
o f  c y to k in in  from  a l d e r  n o d u le s , t h e  p o s s i b i l i t y  t h a t  n o d u le s  c o n s t i t u t e  
a  m a jo r  s o u rc e  o f  horm one f o r  t h e  p l a n t ,  was d i s c o u n te d  b y  a  c o m p a ra tiv e  
a n a ly s i s  o f  t h e  c y to k in in  a c t i v i t y  o f  n o d u la te d  an d  n o n - n o d u la te d  p l a n t s  
(W h ee le r and  H en so n , 1 9 7 8 )•  In  t h i s  e x p e r im e n t ,  h i g h e r  l e v e l s  o f  
c y to k in in  a c t i v i t y  w ere  fo u n d  i n  n o n -n o d u la te d  p l a n t s  a n d  w ere  r e l a t e d  
t o  t h e  g r e a t e r  r o o t  d ev e lo p m en t o f  t h e s e  p l a n t s .  D e s p i te  th e  l a c k  o f  
f i r m  e v id e n c e  c o n c e rn in g  t h e  o c c u r r e n c e  o r  im p o r ta n c e  o f  horm one 
t r a n s l o c a t i o n  i n  n o d u la te d  p l a n t s , s e v e r a l  a u th o r s  h av e  s p e c u la te d  on 
th e  e f f e c t s  w h ich  t r a n s l o c a t i o n  o f  horm ones from  t h e  n o d u le s  t o  o th e r  
p l a n t  p a r t s  m ig h t hav e  upon th e  h o s t  p l a n t .  F o r  e x a m p le , i t  was 
s u g g e s te d  b y  Bouma ( l9 7 0 )  t h a t  t h e  h ig h e r  r a t e s  o f  d a rk  r e s p i r a t i o n  h e
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m ea su red  i n  t h e  s h o o ts  o f  n o d u la te d  com pared t o  n o n - n o d u la te d  p l a n t s  
o f  T r i f o l iu m  s u b te r ra n e u m , may b e  a  r e s u l t  o f  lAA t r a n s p o r t  from  th e  
n o d u le .  The g re e n n e s s  o f  t h e  le a v e s  o f  a l d e r ,  M v ric a  g a le  and 
H innophae rh am n o id es  a t  a b s c i s s i o n ,  was commented upon by  R o d r ig u e z -  
B a rru e c o  ( 1 9 6 8 ) who s u g g e s te d  t h a t  t h i s  may b e  due t o  t h e  e x p o r t  o f  
c y to k in in s  from  t h e  r o o t  n o d u le s  t o  t h e  l e a v e s , a l th o u g h  i n  v iew  o f  
t h e  r e s u l t s  a l r e a d y  d e s c r ib e d ,  t h e  n o d ü le s x m n a à jlid e ra 'à tH e a h t,aseem  
u n l ik e ly  t o  s u p p ly  l a r g e  am ounts o f  c y to k in in s  t o  t h e  s h o o t .
A lth o u g h  in f o r m a t io n  c o n c e rn in g  t r a n s l o c a t i o n  o f  horm ones w i th in  
n o d u la te d  p l a n t s  i s  v e ry  l i m i t e d ,  and  movement o f  lAA from  r o o t  
n o d u le s  t o  h o s t  p l a n t ,  o r  from  s h o o t  t o  n o d u le s  h a s  n o t  b e e n  s tu d i e d  
p r e v i o u s l y ,  much d a ta  h a s  a c c u m u la te d  c o n c e rn in g  th e  movement o f  
horm ones i n  o t h e r  p l a n t s ,  m o s t ly  s e e d l i n g s ,  and i n  e x c is e d  s e g m e n ts .
The d i r e c t i o n  and  r o u te  o f  lAA t r a n s p o r t  v a r i e s  a c c o r d in g  t o  th e  
e x p e r im e n ta l  s y s te m  u s e d  and  can  b e  i n  an a c r o p e t a l  and  a  b a s i p e t a l  
d i r e c t i o n  i n  b o th  t h e  phloem  and  t h e  xy lem . B a s i p e t a l  p o l a r  t r a n s p o r t  
o f  lAA w hich  o c c u rs  i n  i s o l a t e d  t i s s u e s  o f  s te m , p e t i o l e ,  l e a f  and 
c o l e o p t i l e  h a s  b e e n  w e l l  re v ie w e d  (M cC ready, I 966 ; G o ld s m ith , 196 8 ,
1 9 7 7 ) .  A c r o p e ta l ly  o r i e n t a t e d  p o l a r  movement o f  a p p l i e d  a u x in  h a s  
b e e n  d e m o n s tra te d  i n  r o o t  segm en ts o f  s e v e r a l  s p e c i e s  ( P i l e t ,  I 96U;
K irk  and  J a c o b s ,  1 9 6 8 ; S c o t t  and  W ilk in s ,  I 9 6 8 ; s e e  a l s o  re v ie w s  
by  S c o t t ,  1 9 7 2 ; B a t r a  e t  a l . , 1 9 7 5 ; G o ld s m ith , 1977)*
One o f  t h e  f i r s t  a t te m p ts  t o  s tu d y  lAA. movement in  i n t a c t  p l a n t s  
was by  E s c h r ic h  (1 9 6 8 ) who a p p l i e d  2-^^C -lA A  t o  f u l l y  ex p an d ed  le a v e s  
o f  V ic ia  fa b  a . T h ere  was movement o f  l a b e l  i n t o  t h e  s te m , r o o t s  and  
young e x p a n d in g  l e a v e s , a l th o u g h  n o t  i n t o  m a tu re  l e a v e s , show ing  b o th  
upw ard an d  downward movement o f  l a b e l  from  t r e a t e d  l e a v e s  . The p a t t e r n s  
o f  a u x in  d i s t r i b u t i o n  w ere  c o n s i s t e n t  w i th  t h e  t r a n s p o r t  o f  a u x in  
t o g e t h e r  w i th  a s s i m i l a t e s  i n  t h e  ph loem . M o rr is  e t  a l . ,  (1 9 6 9 ) a p p l i e d  
1 ^0 -lAA t o  t h e  a p ic e s  o f  i n t a c t ,  l ig h t - g r o w n  d w arf p e a  s e e d l in g s  i n  an 
a t te m p t  t o  i n v e s t i g a t e  a u x in  t r a n s p o r t  from  i t s  s i t e  o f  s y n th e s i s  i n  th e  
s tem  apex  and  a l s o  t o  a v o id  t h e  p o s s i b i l i t y  o f  t r a n s p o r t  a lo n g  w ith  
p h o t o - a s s im i l a t e s  in  t h e  phloem  w hich  l e a f - a p p l i e d  a u x in s  m ig h t b e  
l i k e l y  t o  accom pany, a n d  w h ich  c o u ld  mask th e  n o rm a l endogenous a u x in
IT
t r a n s p o r t  r o u t e .  The v e l o c i t y  and  c h a r a c t e r i s t i c s  o f  a u x in  t r a n s p o r t  
c o rre s p o n d e d  w ith  t h a t  p r e v io u s ly  r e p o r t e d  f o r  e x c is e d  c o l e o p t i l e ,  
s tem  and  p e t i o l e  segm en ts (M cCready and  J a c o b s ,  1 9 ^ 3 ; and  a l s o  
re v ie w  by  G o ld s m ith , 1977) s u g g e s t in g  a  s i m i l a r  p a th w a y . P a r t  o f  t h e  
a p p l i e d  lAA was t r a n s p o r t e d  u n ch an g ed  t o  t h e  r o o t  s y s te m , a l th o u g h  
a  l a r g e  amount was c o n v e r te d  b y  th e  a p i c a l  b u d , s te m  and  r o o t  t i s s u e s  
t o  i n d o l e - 3“ a c e t y l a s p a r t i c  a c id  (lA A sp) w h ich  was n o t  th o u g h t  t o  b e  
t r a n s p o r t e d .  I n  a  l a t e r  p a p e r  (M o rr is  and  K a d i r ,  1972) lAAsp was 
shown t o  b e  m o b i le ,  a g a in  u s in g  i n t a c t  p e a  s e e d l i n g s ,  and  t h e  e x is t e n c e  
o f  tw o p h y s i c a l ly  s e p a r a t e  p a thw ays f o r  l o n g - d i s t a n c e  a u x in  t r a n s p o r t  
was p ro p o s e d . ^ ^ C - la b e l le d  lAA, f e d  t o  l e a v e s ,  was p resum ed  t o  b e  
e x p o r te d  i n  t h e  p h lo em , and  when f e d  t o  th e  a p i c a l  b u d  was th o u g h t  t o  
b e  e x p o r te d  n o t  i n  t h e  phloem  b u t  b y  some o t h e r  p a th w a y . A u to ra d io ­
g rap h y  h a s  now p ro v id e d  e v id e n c e  t h a t  t h i s  i s  t h e  v a s c u l a r  cambium 
and  d i f f e r e n t i a t i n g  v a s c u l a r  e le m e n ts  (B onnem ain , 1971; M o r r i s , andIT hom as ,1978' 
A h y p o th e s i s  i n v o lv in g  tw o s e p a r a t e  pa thw ays f o r  lo n g  d i s t a n c e  a u x in  
t r a n s p o r t  h a d  b e e n  p u t  fo rw a rd  p r e v io u s ly  b y  Sm ith  and  Ja c o b s  ( 1 9 6 9 )"who 
s u g g e s te d  a  r e l a t i v e l y  r a p i d  t r a n s p o r t  o f  a u x in  i n  t h e  phloem  and 
s lo w e r ,  p o l a r  a u x in  t r a n s p o r t  in  a  non-ph loem  p a th w a y . A d d i t io n a l  
e v id e n c e  f o r  t h i s  h y p o th e s i s  was p ro v id e d  by  a p h id  f e e d in g  e x p e r im e n ts  
w h ich  show ed t h e  a b se n c e  o f  d e te c t a b l e  a u x in  from  t h e  s ie v e  tu b e s  o f  
a p i c a l  b u d  f e d  p l a n t s  (M o rr is  and  K a d i r ,  1972) , w h e re a s  when e x p o r t in g  
le a v e s  w ere  f e d  l a b e l l e d  lAA, t h e  p re s e n c e  o f  a u x in  i n  a p h id  s t y l e t s  
s u g g e s te d  t r a n s p o r t  i n  t h e  ph loem  ( E s c h r ic h ,  I 9 6 8 ; M o rr is  and  K a d i r ,
1 9 7 2 ) .  M ic r o a u to r a d io g r a p h ic  e v id e n c e  f o r  th e  ph loem  p a th w ay  was 
g iv e n  by  B o u rb o u lo u x  and  Bonnem ain (1973) and  G o ld sm ith  e t  a l . (197^)*
I n  t h e  phloem  p a th w a y , v e l o c i t i e s  o f  lAA t r a n s p o r t  o f  1 0 -2 4  cm .h ^ 
h a v e  b e e n  r e c o r d e d  ( L i t t l e  and  B lackm an , 1963; B onnem ain , 1971;
G o ld sm ith  e t  a l . , 1974) i n  c o n t r a s t  t o  t h e  n o n -ph loem  p a th w ay  in
—1w hich  v e l o c i t i e s  o f  1 cm.h a r e  m ore u s u a l  (M o rr is  e t  a l . , 1 9 6 9 ;
B 'ouËim illouxand B onnem ain , 1973; S o w n tree  and  M o rr is  , 1979)* Such 
v e l o c i t i e s  a r e  a l s o  fo u n d  in  woody s h o o ts  ( G regory  an d  H ancock , 1955).
The r a t e  o f  t r a n s p o r t  o f  lAA in  woody s h o o ts  p r o v id e s  a d d i t i o n a l  e v id e n c e  
f o r  t h e  in v o lv e m e n t o f  t h e  cambium s in c e  i t  i s  c lo s e l y  c o r r e l a t e d  w ith
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s e a s o n a l  ch an g es i n  c a m b ia l a c t i v i t y ,  b e in g  m ore r a p i d  i n  a c t i v e  
s h o o ts  ( H o l l i s  and  T e p p e r , 1 9 7 1 ; Zam ski and  W a re in g , 1 9 7 4 ) . I t  h a s  
b e e n  s u g g e s te d  t h a t  i f  a u x in  t r a n s p o r t  i s  t o  b e  c o n t r o l l e d  as p a r t  o f  
i t s  r o l e  in  d e v e lo p m e n ta l p r o c e s s e s ,  th e n  t h e  m ain  endogenous r o u te  
f o r  a u x in  t r a n s p o r t  w ou ld  b e  u n l ik e ly  t o  b e  t h e  phloem  (M o rr is  and 
K a d i r ,  1 9 7 2 ) . L i t t l e  e v id e n c e  was fo u n d  f o r  a  l a t e r a l  in te r c h a n g e  
o f  a u x in  b e tw een  th e  two p a th w a y s , a t  l e a s t  i n  an h e rb a c e o u s  p l a n t  
such  as p e a .
I n  n o d u la te d  p l a n t s , t h e  m ost l i k e l y  r o u te  o f  horm one t r a n s p o r t  
from  t h e  n o d u le s  w ou ld  be  i n  t h e  xylem  t r a n s p i r a t i o n  s tr e a m  a lo n g  
w ith  a s s i m i l a t e d  n i t r o g e n  (O g h o g h o rie  and P a t e ,  1 9 7 2 ; Lew is and 
P a t e ,  1 9 7 3 ; P a te  an d  F l i n n ,  1 9 7 3 ) . T h is  i s  s u p p o r te d  by  e v id e n c e  
from  th e  o n ly  s tu d y  on movement o f  a  ho rm one, i n  t h i s  c a se  z e a t i n ,  
from  t h e  r o o t  n o d u le s ,  w here  i t  was shown t h a t  s tem  r in g i n g  d id  n o t  
a f f e c t  t r a n s p o r t ,  s u g g e s t in g  th e  xylem  as  th e  p r o b a b le  r o u te  by  
w h ich  a p p l i e d  n o d u le  horm ones w ou ld  move i n t o  th e  h o s t  p l a n t  (H enson 
i n  W h ee le r and  H enson , 1 9 7 8 ) . P r o c e s s e s  i n  t h e  h o s t  p l a n t  w hich  
m ig h t b e  a f f e c t e d  b y  t r a n s l o c a t i o n  o f  lAA from  t h e  r o o t  n o d u le  
in c lu d e  p h o to s y n th e s i s .  lAA h a s  b e e n  shown t o  en h an ce  t h e  a c t i v i t y  
o f  p h o to s y n th e t i c  enzym es, f o r  ex a m p le . T u rn e r  and  B id w e ll  ( 1 9 6 5 ) 
and  B id w e ll  and  T u rn e r  ( 1 9 6 6 ) fo u n d  t h a t  lAA i n c r e a s e d  t h e  r a t e  o f  
p h o to s y n th e s i s  in  b e a n  le a v e s  30-100% w i th in  30 m in u te s  o f  i t s  
a p p l i c a t i o n  t o  l e a v e s .  B id w e ll  e t  a l . (1 9 6 8 ) showed t h a t  lAA can 
move s u f f i c i e n t l y  r a p i d l y ,  from  i t s  p o in t  o f  a p p l i c a t i o n  t o  th e  
s i t e  o f  i n c r e a s e d  p h o t o s y n t h e s i s ,  t o  b e  r e s p o n s i b le  f o r  t h e  i n c r e a s e d  
r a t e  o f  p h o to s y n th e s i s .  They a l s o  fo u n d  t h a t  lAA s t i m u la t e d  th e  
t r a n s l o c a t i o n  o f  r e c e n t  p r o d u c ts  o f  p h o to s y n th e s is  from  p h o to -  
s y n t h e t i c a l l y  a c t i v e  l e a v e s .
The l a r g e  body o f  e v id e n c e  c o n c e rn in g  th e  o c c u r r e n c e  o f  horm one 
t r a n s p o r t  in  h i g h e r  p l a n t s  and  th e  r e l a t i v e  p a u c i ty  o f  in fo r m a t io n  
r e l a t i n g  t o  th e  movement o f  horm ones i n  t h e  n o d u la te d  p l a n t ,  w ere  
th e  m ain f a c t o r s  w h ich  i n i t i a t e d  t h e  s tu d i e s  o f  movement o f  lAA in  
n o d u la te d  a l d e r  s e e d l in g s  r e p o r t e d  h e r e .
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GENERAL MATERIALS M D METHODS
P la n t  c u l t u r e
(a )  A inus g l u t i n o s a
P la n t s  w ere  g la s s h o u s e  grown i n  'P e r a l i t e '  from  l o c a l l y  c o l l e c t e d  
s e e d  ( > 2 mm). The r o o ts  o f  young  s e e d l in g s  (3  w eeks o ld )  w ere 
i n o c u l a t e d  w ith  c ru s h e d  A lnus g l u t i n o s a  r o o t  n o d u le s  and  th e  g row ing  
p l a n t s  f e d  once w eek ly  w ith  h a l f - s t r e n g t h  n i t r o g e n - f r e e  C ro n e 's  
s o l u t i o n ,  su p p le m e n te d  w ith  m in o r e le m e n ts  (H o a g la n d 's  A-Z s o l u t i o n  
w i th  added  m olybdenum , Tem plem an, 1 9 4 l ) . I n  l a t e r  e x p e r im e n ts ,  p l a n t s
w ere  grown in  w a te r  c u l t u r e  u s in g  th e  same n u t r i e n t  s o l u t i o n ,  i n  a
c o n t r o l l e d  e n v iro n m e n t room ( p h o to p e r io d  l 6 h ,  19°C ; d a rk  p e r io d  8 h ,
19°C) i l l u m i n a t e d  by  a  m ix tu re  o f  warm w h i t e ,  w h i te  and  d a y l ig h t
f lu o r e s c e n t  l i g h t s  (7 5 /8 5  W ), su p p le m e n te d  w i th  t u n g s t e n  b u lb s  (150  W) 
60-90  cm. above th e  g row ing  s u r f a c e .  The n a t u r a l  i l l u m i n a t i o n  o f  t h e  
g la s s h o u s e  was su p p le m e n te d  w i th  m erc u ry  v a p o u r lam ps (400  W) d u r in g  th e  
w in t e r  m o n th s . P l a n t s  w ere  u s e d  f o r  e x p e r im e n ts  when th e y  w ere  4 -5  
m onths o l d  and  15” 4o cm i n  s h o o t  h e i ^ t ,  a l th o u g h  w i th in  each  e x p e r im e n t ,  
t h ë o p l a n t  h e ig h t s  w ere m atch ed  t o  w i th in  5 cm. P r i o r  t o  t h e  r a d io ­
t r a c e r  e x p e r im e n ts ,  g la s s h o u s e  grown p l a n t s  w ere  ^ a c c l im a t i s e d  i n  th e  
c o n t r o l l e d  e n v iro n m e n t room f o r  2-4  w e e k s .
(b ) V ic ia  fab  a
P la n t s  w ere  grown in  a  c o n t r o l l e d  en v iro n m en t room , as s p e c i f i e d  
f o r  A lnus g l u t i n o s a .  Clean' s e e d  ( v a r .  'M id g e t ' , s u p p l i e d  by  D o b ie s , 
L la n g o l le n )  o f  u n ifo rm  s i z e  was i n o c u l a te d  a t  sow ing  w i th  R hizob ium  
l e gum inosarum  s t r a i n  WA-174 ( s u p p l i e d  by  th e  L andbouw hogeschoo l, 
W ageningen , N e th e r l a n d s ) ,  a f b e r  th e  s e e d  h a d  b e e n  s u r f a c e  s t e r i l i s e d  
w ith  2% sod ium  h y p o c h lo r i t e .  The p l a n t s  w ere  grown f o r  15 -20  w eeks 
i n  'P e h a l i t e '  and  f e d  once  w eek ly  w i th  th e  n u t r i e n t  s o l u t i o n  d e s c r ib e d  
f o r  A lnus g l u t i n o s a . The g row ing  p e r io d  o f  t h e  b e a n s  was e x te n d e d , and  
i n h i b i t i o n  o f  n o d u le  deve lopm en t p r e v e n te d ,  b y  c a r e f u l l y  rem ov ing  th e  
f lo w e rs  a t  t h e  b u d  s t a g e .  O th e r  v a r i e t i e s  o f  b r o a d  b e a n  w ere  f i e l d  
grown as d e t a i l e d  i n  th e  r e l e v a n t  r e s u l t s  s e c t i o n .
(c )  M v rica  g a le
P la n ts  w ere  g la s s h o u s e  grown i n  w a te r  c u l t u r e ,  from  l o c a l l y
20
c o l l e c t e d  s e e d ,  a i b e r  t h e  s e e d l in g  r o o t s  h a d  b e e n  i n o c u l a t e d  w ith  
c ru s h e d  M v ric a  g a le  r o o t  n o d u le s .  The c u l t u r e  medium was th e  same 
as t h a t  d e s c r ib e d  f o r  A lnus g l u t i n o s a .  The p l a n t s  w ere  h a r v e s t e d ,  
w h i le  th e y  s t i l l  show ed a c e ty le n e - r e d u c in g  a c t i v i t y ,  a t  t h e  end  o f  
th e  s e c o n d  g ro w in g  s e a s o n .
P r e p a r a t i o n  o f  s o lv e n t s  f o r  HPLC
(a )  Hexane
T h is  s o lv e n t  was o b ta in e d  c o m m e rc ia lly  i n  an a r o m a t i c - f r e e  
HPLC g ra d e  (R a th b u rn  C hem ica ls  L t d . ,  W a lk e rb u rn , I n n e r l e i t h e n ,  
P e e b l e s h i r e ) .
(b ) E th y l  a c e t a t e
E th y l  a c e t a t e  was o b ta in e d  c o m m e rc ia lly  i n  a  t e c h n i c a l  g rad e  
(A. and  J .  B e v e r id g e ,  E d in b u rg h ) ,  b u t  was f u r t h e r  t r e a t e d  t o  remove 
a c id i c  an d  a l c o h o l i c  i m p u r i t i e s  b e f o r e  f i n a l  r e d i s t i l l a t i o n . T h is  
was a c h ie v e d  b y  f i r s t  w a sh in g  th e  e th y l  a c e t a t e  w i th  5% aqueous 
sod ium  c a rb o n a te  s o l u t i o n  f o r  30 m in . ,  fo llo w e d  b y  t h r e e  s e p a r a te  
w ashes w ith  2% s a t u r a t e d  c a lc iu m  c h lo r id e  s o l u t i o n ,  e a ch  o f  30 m in . ,  
and  f i n a l l y ,  b y  th e  a d d i t io n  o f  1% anhyd rous sod ium  c a rb o n a te  and 
a l lo w in g  th e  m ix tu re  t o  s t a n d  o v e r n i g h t . The e t h y l  a c e t a t e  was 
th e n  r e d i s t i l l e d ,  an d  th e  d i s t i l l a t e  c o l l e c t e d  a t  t4“ TT°0.
S c i n t i l l a t i o n  f l u i d  f o r  HPLC
The s c i n t i l l a t i o n  f l u i d  c o n s i s t e d  o f  150g. n a p h th a le n e ,  12g PPO 
and  100 ml T r i to n -X  made up t o  1 £ . w i th  r e d i s t i l l e d  t o l u e n e .
S o lv e n ts  and  C hem ica ls
A l l  s o lv e n t s  u se d  f o r  e x t r a c t i o n  o f  p l a n t  m a t e r i a l  and  in  
s c i n t i l l a t i o n  f l u i d ,  e x c e p t  p h e n y le th y la m in e , w ere  o b ta in e d  in  a  
t e c h n i c a l  g ra d e  and  w ere  r e d i s t i l l e d  b e f o r e  u s e .  The s o u rc e s  o f  
s u p p ly  w ere
D ie th y l  e t h e r ,  t e t r a h y d r o f u r a n  and  d ic h lo ro m e th a n e  -  May and  B a k e r , 
Dagenham; to lu e n e  and  m e th a n o l -  A. and  J .  B e v e r id g e ,  E d in b u rg h ; 
dioxane-BDH C hem icals L t d . ,  P o o le ,  D o r s e t ;  p h e n y le th y la a n n e  -  
K o ch -L ig h t L a b o r a to r i e s  L t d . ,  C o ln b ro o k , B u c k s .
O th e r  s o lv e n t s  an d  c h e m ic a ls  u s e d  w ere  a t  l e a s t  a n a l y t i c a l  
r e a g e n t  g r a d e .
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; ' s  s a l t s
g
KC£ 375
CaSOtj.. 2H2O 250
MgSOi^.THgO 250
Ca^ ( POij ) 2 125
Fe3(POi^)2.8H20 125
The s a l t s  w ere  g ro u n d  i n d i v i d u a l l y  b e f o r e  m ix in g  t h o r o u g h ly .
F o r a  s o l u t i o n  o f  h a l f - s t r e n g t h ,  C ro n e 's  s a l t s  w ere  u s e d  a t  t h e  r a t e  
o f  1 0 .5g* 10& ^  d i s t i l l e d  w a te r .
H o a g la n d 's  A-Z s o lu t i o n
”"1g . & d i s t i l l e d  w a te r
H3BO3 0 . 6 2
Na2 S i  0 3 0 .4 3
MnCl2.4H20 o .4 o
K2Mn0 i| o .4o
Cu SO4 . 5H2O 0 .0 5 5
Zn SOtj. • 7B-2^ 0 .0 5 5
A l2 (8 0 i,)3 .l8 H ^ 0 0 .0 5 5
Hi 8O4 .H2O 0 .0 5 5
Co C I2 . 6H2O 0 .0 5 5
T i02 0 .0 5 5
B i2 SOj  ^.H2O 0 .0 3 5
Sn C I2 . 2H2O 0 .0 3 5
KI 0 .0 3 5
KBr 0 .0 3 5
Na2Mo 0 ^ . 2H20 0 .0 3 0
The m in o r e le m e n ts  s o lu t i o n  was u se d  a t  t h e  r a t e  o f  1 m l. ^ ^ 
h a l f - s t r e n g t h  C ro n e 's  s o l u t i o n .
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PART I  ENDOGENOUS lAA IN ROOT NODULES OF ALNUS 
GLUTINOSA, MYRICA GALE AND VICIA FAB A.
1 . P r e l im in a r y  a s s a y s
I n i t i a l l y ,  e x t r a c t s  o f  r o o t  n o d u le s  and  r o o t s  o f  A lnus g l u t i n o s a , 
M y rica  g a le  and  V ic ia  f a b a , w ere  p a r t i a l l y  p u r i f i e d  u s in g  c l a s s i c a l  
p ro c e d u re s  o f  s o lv e n t  p a r t i t i o n i n g  and  p a p e r  c h ro m a to g ra p h y , w i th  
th e  i n c l u s i o n  o f  a  PVP c h ro m a to g ra p h ic  s t e p ,  th o u g h t  t o  h e  e s p e c i a l l y  
u s e f u l  i n  t h e  p u r i f i c a t i o n  o f  p h e n o l - r ic h  e x t r a c t s  su c h  as  th o s e  o f  
A lnus g l u t i n o s a  ( G lenn e t  a l . , 1 9 7 2 ) .
1 .1  M ethods
E x t r a c t i o n  and  p a r t i a l  p u r i f i c a t i o n  o f  endogenous lAA
F i e l d  o r  g la s s h o u s e  grown p l a n t  m a t e r i a l  was h a r v e s t e d ,  w a sh ed , and 
th e  n o d u le s  and  r o o ts  s e p a r a te d  and  p la c e d  in  80% aqueous m e th a n o l .
I n  a d d i t i o n ,  i n  g la s s h o u s e -g ro w n  % r i .c a  g a le  - .theilno  d u lë s r o o t  s- w ere  a l s o  
s e p a r a te d  from  th e  n o d u le s  ( i n  f i e l d  :,gale  th d u h o d a le t r o o ts  a re  n o t
w e l l  d e v e lo p e d  and c o u ld  n o t  h e  c o l l e c t e d  s e p a r a t e l y ) .  H a rv e s t  o f  
s u f f i c i e n t  m a t e r i a l  f o r  a n a ly s i s  f r e q u e n t ly  r e q u i r e d  tw o o r  m ore d a y s . 
D u rin g  th e  c o u rs e  o f  a  d a y , p l a n t  m a t e r i a l  was c o l l e c t e d  in  h a tc h e s  
and  t h e s e  w ere  w e ig h e d  an d  p la c e d  i n  aqueous m e th a n o l i n  t h e  c o ld  room .
At th e  en d  o f  e a ch  d a y , th e  h a tc h e s  w ere  h u lk e d ,  h o m o g en ised  and  
e x t r a c t e d  i n  aqueous m e th a n o l o v e rn ig h t  a s  d e s c r ib e d  h e lo w . At a  
l a t e r  s ta g e  i n  t h e  p u r i f i c a t i o n  p r o c e d u r e ,  s e v e r a l  d a y s ' h a r v e s t s  from  
th e  same h a tc h  o f  p l a n t s  w ere  com bined f o r  a n a l y s i s .
The h u lk e d  p l a n t  m a t e r i a l  i n  c o ld  80% aqueous m e th a n o l was 
h o m ogen ised  a t  h ig h  s p e e d  f o r  30 s e c o n d s ,  and  th e  hom ogenate  e x t r a c t e d ,  
w i th  s t i r r i n g ,  f o r  1 5 -2 4  h o u rs  a t  4°C in  th e  d a rk  ( E x t r a c t io n  volum e 
(m l) - 6  t im e s  f r e s h  w e ig h t  (g )  r o o t  t i s s u e  and  10 t im e s  f r e s h  w t(g )  
n o d u le  and  n o d u le  r o o t  t i s s u e ) .  A f t e r  f i l t r a t i o n ,  th e  r e s id u e  was 
w ashed  tw ic e  w i th  aqueous m e th a n o l,  and t h e  com bined e x t r a c t s  w ere 
re d u c e d  t o  t h e  aqueous p h a se  and  p a r t i t i o n e d  t h r e e  t im e s  a g a in s t  
e q u a l  vo lum es o f  d i e t h y l  e t h e r  a t  pH3. Foam ing o f  t h e  aqueous 
m e th a n o lic  e x t r a c t s  o f  M y rica  g a le  r o o t s  d u r in g  r o t a r y  e v a p o r a t io n ,  
was c o n t r o l l e d  b y  th e  a d d i t i o n  o f  a  few d ro p s  o f  n - o c t a n o l  t o  th e  
e x t r a c t .  E t h e r e a l  e x t r a c t s  w ere  re d u c e d  t o  d r y n e s s ,  r e s u s p e n d e d  in
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a s m a l l  volum e o f  b u f f e r  (O .IM  K2HPO4 a t  pH8 ) , an d  th e n  lo a d e d  on t o  a  
p ie c e  o f  f i l t e r  p a p e r  on t h e  to p  o f  a  colum n (30  m l) o f  i n s o lu b le  
PVP (2g  f r e s h  w e i ^ t  o f  t i s s u e  p e r  ml colum n v o lu m e ) , t h e  PVP h a v in g  
b e e n  p r e v io u s ly  w ashed  w i th  s e v e r a l  changes o f  d i s t i l l e d  w a te r  fo llo w e d  
by  b u f f e r ,  each  f o r  15 m in u te s ,  t o  rem ove ' f i n e s ' .  The colum n was w ashed  
w i th  120 m is O.IM EgHPOi^at pH8 , w hich  p re v io u s  c a l i b r a t i o n  h a d  shown 
w ould  e l u t e  lAA. The e l u a t e  was p a r t i t i o n e d  t h r e e  t im e s  a g a in s t  e q u a l  
volum es o f  d i e t h y l  e t h e r  a t  pH3 , t h e  d i s s o lv e d  w a te r  rem oved by 
f r e e z in g  and  t h e  e t h e r  th e n  re d u c e d  t o  d ry n e s s .  The r e s i d u e  was 
r e d i s s o lv e d  i n  a  s u i t a b l e  volum e o f  m e th a n o l and  p o r t i o n s  c h ro m a to g ra p h ed  
on Whatman 3MM f i l t e r  p a p e r  (p re w a sh e d  w ith  m e th a n o l)  p r i o r  t o  b io a s s a y  
and  mass s p e c t r o m e t r y . The p a p e r  chrom atogram s w ere  lo a d e d  (u n d e r  
a  s tr e a m  o f  n i t r o g e n )  w i th  5g f r e s h  w e ig h t t i s s u e  e q u iv a l e n t s  p e r  cm. 
o r i g i n  l i n e ,  t o g e t h e r  w ith  lAA m a rk e r  s p o t s ,  and  w ere  e q u i l i b r a t e d  i n  th e  
ch ro m a to g ra p h y  ta n k  b e f o r e  a d d in g  s o l v e n t .  The ch rom atogram s w ere  
d e v e lo p e d  ( i s o p r o p a n o l :  ammonia: w a te r :  : 8 : 1 : 1  ) i n  a  d e s c e n d in g  
m anner f o r  6 -8  h o u rs  a t  room te m p e ra tu re  in  su b d u ed  l i g h t .  A f t e r  
r e d i s t i l l a t i o n ,  d i e t h y l  e t h e r  was s to r e d  in  th e  d a rk  a t  f o r  as
s h o r t  a  t im e  as  p o s s ib l e  b e f o r e  u s e .
E s t im a t io n  o f  lAA r e c o v e ry  d u r in g  p r e l im in a r y  p u r i f i c a t i o n  p ro c e d u re s
(a )  PVP colum n c h ro m a to g rap h y
5-^H -lA A  was a p p l i e d ,  i n  a  s m a l l  volum e o f  b u f f e r  (O.IM  K2HPO4 
a t  pH8 ) ,  t o  a  PVP colum n as d e s c r ib e d  in  t h e  p r e v io u s  p a ra g ra p h s  
( e x t r a c t i o n  and  p u r i f i c a t i o n  o f  endogenous lA A ). F r a c t io n s  (5  m l) 
w ere  c o l l e c t e d ,  d r i e d  i n  s c i n t i l l a t i o n  v i a l s , e i t h e r  on a  h e a te d  
p l a t e  a t  4o°C o r  i n  a  vacuum d e s i c c a t o r ,  and  th e n  e l u t e d  w i th  
m e th a n o l p r i o r  t o  l i q u i d  s c i n t i l l a t i o n  c o u n tin g .
The r e c o v e r ie s  o f  5“ ^H -lA A -d e riv ed  r a d i o a c t i v i t y  i n  t h e  PVP 
colum n e l u a t e  (O .T  t o  2 .7  colum n v o lu m e s ) , w ere  i n  t h e  ra n g e  66- 
( T a b le  3 ) .
2k
Table
R eco v ery  o f  r a d i o a c t i v i t y  i n  PVP colum n 
e l u a t e  as  % o f  t h a t  a p p l i e d .
E x p e rim en t Column volum es % r e c o v e r y
c o l l e c t e d
1 0 . 6 t  ” 2 .3  7 2 .6
2 0 . 8 0 - 2 . 5  6 9 .6
3 0 .8 0  -  2 . 7  6 9 .1
k 0 .8 0  -  2 .2  6 5 .9  -  8 2 .4
( b ) M ethano l e x t r a c t i o n ,  e t h e r  p a r t i t i o n ,  PVP coliynn 
ch ro m a to g rap h y  and  p a p e r  ch ro m ato g rap h y
F r e e z e - d r i e d  a l d e r  n o d u le s  w ere  h om ogen ised  and  1-^^C-lAA. was 
added  t o  th e  hom ogenate  b e f o r e  o v e rn ig h t  e x t r a c t i o n .  A l iq u o ts  
o f  t h e  e x t r a c t  w ere  rem oved a t  each  s ta g e  in  t h e  p r e l im in a r y  
p u r i f i c a t i o n  p ro c e d u re  t o  m o n ito r  l o s s e s  and  f i n a l  r e c o v e r ie s  o f  
lAA w ere  32-38% ( T a b le  4 ) .  The l e v e l s  o f  r e c o v e r y  o f  r a d i o a c t i v i t y
(44%, T a b le  4 ) from  PVP colum n ch ro m ato g rap h y  i n  t h e  p re s e n c e
o f  p l a n t  e x t r a c t s  w ere  much lo w e r  th a n  th o s e  o b ta in e d  w ith  lAA a lo n e  
(6 6 -8 2 % ), T a b le  3 ) .
T able 4
R ecovery  o f  r a d i o a c t i v i t y , as  % o f  i n i t i a l  l e v e l ,  
a t  v a r io u s  s ta g e s  d u r in g  p r e l im in a r y  p u r i f i c a t i o n
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P u r i f i c a t i o n  s t e p R e p l ic a te  e x t r a c t s
1
E th e r  p a r t i t i o n  (% i n  e t h e r
(% in  aqueous
% o f  i n i t i a l  r a d i o a c t i v i t y  r e c o v e re d  
in  e t h e r  p h a se
PVP ch ro m a to g ra p h y
R ecovery  from  PVP a lo n e
% o f  i n i t i a l  r a d i o a c t i v i t y  re c o v e re d  
in  e t h e r  p h a s e , p a r t i t i o n e d  from  PVP 
colum n e l u a t e
P a p e r  c h ro m a to g rap h y
R ecovery  from  p a p e r  a lo n e
% o f  i n i t i a l  r a d i o a c t i v i t y  e lu t e d  
from  p a p e r
9 7 .9
2 . 1
7 0 .3
38.2
9 9 .1
0 .9
7 2 .9
3 1 .8
100
3 2 .3
9 9 .8
1 .2
72.0
4 3 .5  4 3 .8
31 .7
100
3 6 .9
26
B io a s sa y
The A vena c o l e o p t i l e  s t r a i g h t  g row th  t e s t  ( Avena s a t i v a  v a r .
'V i c to r y '  ) was u s e d  w ith  15“ 35 g f r e s h  w e ig h t t i s s u e  e q u iv a l e n t s  f o r  
each  h io a s s a y .  The th o ro u g h ly  d r i e d  chrom atogram s w ere  d iv id e d  
i n t o  20 e q u a l  s e c t i o n s  and  e l u t e d  w ith  2 .5  ml 1% s u c ro s e  f o r  1-22  
h o u rs  b e f o r e  a d d in g  t h e  c o l e o p t i l e  segm en ts ( 0 .5  cm lo n g ,  c u t  0 .5  cm 
from  th e  apex  o f  t h e  2.13 cm lo n g  c o l e o p t i l e  and  f l o a t e d  on d i s t i l l e d  
w a te r  f o r  1 -3  h o u rs  b e f o r e  u s e ;  10 segm en ts p e r  s e c t i o n  o f  ch rom atog ram ), 
A ch rom atogram  c o n t r o l  and lAA s ta n d a r d s  (0 .0 0 5 ” 5 jig) w ere  in c lu d e d  
in  e a ch  b i o a s s a y .  The seg m en ts  w ere  in c u b a te d  f o r  l 6 - 2 4  h o u r s ,  a t  
25°C , in  d a rk n e s s  u n d e r  c o n d i t io n s  o f  h i ^  h u m id ity  and  w ere  s u b s e q u e n t ly  
m easu red  u s in g  t h e  shadow graph  t e c h n iq u e .  A s h o r t  c u t  c o m p u ta tio n  
m ethod u s in g  ra n g e s  (S n e d e c o r  and C o ch ran , 196%) was u s e d  a t  1% r i s k  
(p = O .O l) t o  a n a ly s e  v a r ia n c e  i n  each  b io a s s a y .
P r e p a r a t i o n  o f  sam p les  f o r  G a s-ch ro m ato g rap h y  -  Mass S p e c tro m e try  (GC-MS)
The p o r t i o n  o f  th e  ch rom atogram  c o r r e s p o n d in g  t o  t h a t  o f  th e  lAA 
m ark e r  s p o t  ( d e t e c t e d  by E h r l i c h 's  r e a g e n t ) ,  was c u t  o u t  and  e lu t e d  
w i th  m e th a n o l f o r  1 -3  h o u r s .  The e l u a t e  was f i l t e r e d ,  t h e  r e s id u e  
w ashed  tw i c e ,  t h e  com bined w ash in g s  re d u c e d  t o  d ry n e s s  and  t r a n s f e r r e d  
t o  a  s m a l l  v i a l .  The v i a l s  w ere  s t o r e d  o v e r  p h o sp h o ru s  p e n to x id e  a t  
4°C u n t i l  r e q u i r e d  f o r  a n a l y s i s .  The sam ples w ere d i s s o lv e d  in  
a c e t o n i t r i l e  and  c o n v e r te d  i n t o  t r i m e t h y l s i l y l  d e r i v a t i v e s  b y  th e  
a d d i t i o n  o f  BSTFA (P h a se  S e p a r a t io n s  L t d . ,  D e e s id e  I n d u s t r i a l  E s t a t e ,  
Queens f e r r y , F l i n t s h i r e ) , ,  t o  p ro d u c e  a  r e a c t i o n  m ix tu re  BSTFA zCHgCN : :
5 :1 ,  v /v  w h ich  was in c u b a te d  a t  30°C o v e rn ig h t  o v e r  s i l i c a  g e l .  
D e r iv a t iv e s  w ere  s t o r e d  s u b s e q u e n t ly  a t  4*^ C o v e r  s i l i c a  g e l .  S o lv e n ts  
and r e a g e n ts  as w e l l  as sam ple  w ere  w a t e r - f r e e  t o  p r e v e n t  h y d r o ly s i s  
o f  TMSi d e r i v a t i v e s ;  t h i s  p ro b le m  can  b e  overcom e t o  some e x te n t  by 
th e  a d d i t io n  o f  e x c e s s  s i l y l a t i n g  r e a g e n t .
GC-MS
S i l y l a t e d  sam p les  w ere  s u b je c t e d  t o  gas c h ro m a to g rap h y  u s in g  
v a r io u s  s i l i c o n e  colum ns {l% S E -3 0 , 1% OV-101, 1%, 2% 8 E -3 3 ) ,  a t  
t e m p e ra tu re s  b e tw e en  l6 0 -2 2 0 ° C , w i th  h e liu m  as c a r r i e r  gas  a t  a  flow  
r a t e  o f  4Q-45 m l/m in . The gas ch ro m ato g rap h  (P ye  S e r i e s  104) was
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c o u p le d  th ro u g h  a  s i n g l e  s ta g e  s i l i c o n e  membrane s e p a r a t o r  t o  an 
AEl MS 30 m ass s p e c t r o m e te r .  S ta n d a rd s  c o n ta in in g  0 .0 2  -  1 pg/p& 
lAA. w ere  u s e d  b o th  t o  c a l i b r a t e  t h e  re s p o n s e  o f  t h e  m ass s p e c t r o m e te r  
and  t o  d e te rm in e  th e  r e t e n t i o n  t im e  o f  t h e  lAA. -  t r i m e t h y l s  i l y l  
d e r i v a t i v e .  As th e  sam ple  e l u t e d  from  th e  GO c o lu m n , t h a t  p o r t i o n  
c o r r e s p o n d in g  t o  t h e  p o s i t i o n  o f  t h e  lAA t r i m e t h y l s â iÿ l .  d e r i v a t i v e  
was d i r e c t e d  t o  t h e  MS f o r  a n a l y s i s .  The MS was u s e d  in  e i t h e r  
t h e  s i n g l e - i o n  m o n ito r in g  mode ( S . I .M . ) a t  m /e 202 o r  in  a  few 
l a t e r  s a m p le s , in  t h e  m u l t i p l e - i o n  m o n ito r in g  mode (M .I .M ,) u s in g  
m /e 202 and  319- A ttem p ts  w ere a l s o  made t o  o b ta in  f u l l  m ass 
s p e c t r a  from  s e v e r a l  o f  t h e  e x t r a c t s  t o  i d e n t i f y  lAA.
Io n s  p ro d u c e d  i n  t h e  m ass s p e c t r o m e te r  from  th e  t r i m e t h y l s  i l y l  
d e r i v a t i v e  o f  lAA.
S i l y l a t i o n  can  o c c u r  a t  b o th  t h e  c a rb o x y l  and  am ino g ro u p  o f  
t h e  lAA m o le c u le .
CH2-C00TMSi
TMSi TMSi
CH2
m /e 319 
(m o le c u la r  io n )
CHo-COOTMSi
H
m /e 237
m /e 202 
(b a s e  io n )
GH2
H
m /e 130
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1 .2  R e s u lts
The r e s u l t s  o f  h io a s s a y s  and  m ass s p e c t r o m e t r i c  e s t im a t io n s  
o f  endogenous lAA i n  th e  e x t r a c t s  o b ta in e d  u s in g  th e  p r e l im in a r y  
p u r i f i c a t i o n  p r o c e d u r e s ,  a re  shown in  T a b le  5 a ,b  .
In  t h r e e  o f  t h e  f o u r  b io a s s a y s  o f  'P e r a l i t e '  -  grown A lnus 
g l u t i n o s a ,  r o o t  n o d u le  e x t r a c t s  show ed no a u x in  a c t i v i t y ,  w h ereas  
th e  p a r e n t a l  r o o t s  m easu red  on t h r e e  o f  t h e s e  o c c a s io n s  showed 
U-lO }jg lAA e q u i v a l e n t s /k g .  f r .  w t . t i s s u e .  The o t h e r  b io a s s a y  
show ed t h e  p r e s e n c e  o f  lA A -lik e  a c t i v i t y  in  th e  n o d u le  e x t r a c t  
(8  yg lAA e q u iv a l e n t s  /k g .  f r .  w t . ) ,  b u t  l e v e l s  w ere  low  com pared 
t o  th e  one d e te r m in a t io n  o f  n o d u le  m a t e r i a l  h a r v e s t e d  from  th e  
f i e l d  (20 yg lAA e q u iv a l e n t s  /k g .  f r .  w t . ) .  The r e s u l t s  p r e s e n t e d  
a re  n o t  c o r r e c t e d  f o r  l o s s e s  w h ich  r a d i o a c t i v e  r e c o v e r y  d a ta  s u g g e s t  
w ere  o f  t h e  o r d e r  o f  70^ ( S e c t io n  1 , 1 ,  T a b le  h ) .
In  e x t r a c t s  from  'P e r a l i t e ’-g row n p l a n t s  o f  M y ric a  g a l e ,  t h e r e  
was no a c t i v i t y  i n  t h e  lAA zone o f  r o o t  n o d u le s  o r  n o d u le  r o o ts  
and  v e ry  l i t t l e  a c t i v i t y  (0 “ 5 yg lAA e q u iv a le n t s  /k g .  f r .  w t . )  i n  
e x t r a c t s  o f  th e  p a r e n t  r o o t s .  E x t r a c t s  from  f i e l d  m a t e r i a l  a g a in  
showed h ig h e r  a c t i v i t y ,  th e  n o d u le s  b e in g  o f  v e ry  low  a c t i v i t y  
(3  y g lAA e q u iv a le n t s  /k g .  f r .  w t . ) and  th e  p a r e n t a l  r o o t s  much 
h ig h e r  ( 80 yg lAA e q u iv a le n t s  /k g . f r .  w t . ) .
In  th e  two n o d u le  e x t r a c t s  o f  ’ P e r a l i t e '- g r o w n  V ic ia  fab  a ,  th e  
l e v e l s  o f  lA A -lik e  a c t i v i t y  w ere  h ig h e r  (8 -9  yg lAA e q u i v a l e n t s /  
k g . f r .  w t .)  th a n  th o s e  o f  th e  p a r e n t a l  r o o ts  (0 -2  yg  lAA e q u i v a l e n t s /  
k g . f r .  w t . ) .  As was fo u n d  in  e x t r a c t s  o f  th e  o t h e r  tw o p l a n t  s p e c i e s ,  
l e v e l s  o f  lA A -lik e  a c t i v i t y  w ere  much h ig h e r  in  f ie ld - g r o w n  m a t e r i a l ,  
a l th o u g h  h e r e  o n ly  one d e te r m in a t io n  o f  a  n o d u le  e x t r a c t  was made 
{ho yg lAA e q u iv a l e n t s  /k g .  f r .  w t . ) .
The r e s u l t s  o b ta in e d  b y  GC-MS u s in g  S .I .M . d id  n o t  a lw ays 
a g re e  w ith  th e  b io a s s a y  r e s u l t s .  W ith  M y rica  g a l e , w here  o n ly  one 
s e t  o f  p l a n t s  was a s s a y e d ,  b o th  m ethods gave s i m i l a r  r e s u l t s .  H ow ever, 
ag reem en t b e tw e en  b io a s s a y  an d  GC-MS S .I .M . r e s u l t s  was shown o n ly  
i n  e x t r a c t s  o f  p l a n t s  from  tw o , o u t o f  a  t o t a l  o f  e i g h t , h a r v e s t s  o f  
A lnus g l u t i n o s a  an d  V ic ia  f a b a . The GC-MS r e s u l t s  w ere  g e n e r a l l y  
much m ore v a r i a b l e  f o r  a  g iv e n  s p e c ie s  th a n  th o s e  r e s u l t s  o b ta in e d  
by  b io a s s a y .  P o s s ib l e  s o u rc e s  o f  t h i s  v a r i a b i l i t y  w ere  : —
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Table 5 a .
E s t im a t io n  o f  endogenous lA A -lik e  a c t i v i t y  i n  e x t r a c t s  o f  
A lnus g l u t i n o s a , jyferrica g a le  an d  V ic ia  fa b  a . E x t r a c t s  w ere 
p a r t i a l l y  p u r i f i e d  by  s o lv e n t  p a r t i t i o n i n g ,  P V P  colum n 
ch ro m a to g ra p h y  and  p a p e r  c h ro m a to g ra p h y . B io a s s a y  and  
GC-MS in  t h e  S .I .M . and  M .I.M . modes w ere  u s e d  f o r  q u a n t i t a t i v e  
and  q u a l i t a t i v e  e s t im a t io n s  .
B io a s sa y GC-MS
Sam ple Sam ple 
s i z e -  
f r e s h  w t .  
e q u iv a le n t s  
(g )
lAA
e q u iv a le n t s  
y g / k g . f r . w t .
Sam ple 
s i z e  -  
f r e s h  w t . 
e q u iv a l e n t s  
(g )
S .I .M .
(m/e 202) 
y g  lAA/ 
k g . f r . w t .
M .I .M.
202 319
A lnus g l u t i n o s a
1 . N odules 30 0 55 2 -h +
P a r e n t a l  r o o ts 35 10 + lh% 165 2 + +
2 . N odules 15 0 50 0 — —'
P a r e n t a l  r o o t s 35 5 ± 20^ 165 0 .0 5 + +
3. N odules 30 8 ± lk% — N . D .  N. D.
P a r e n t a l  r o o ts 30 4 ± lk% - N. D.  N. D.
k .  N odules 15 0 60 0 .5 N. D.  N. D.
5 . N odu les ( a ) 15 20 ± 10% 60 j u s t  +ve N. D.  N . D .
M v rica  g a le
1 . N odules 30 0 125 0 —
P a r e n t a l  r o o ts 35 5 1 15% 230 2 + +
N odule r o o ts 25 0 80 0 — —
2 . N odules 35 0 N. D. N. D.  N. D.
P a r e n t a l  r o o ts 35 1 ± 9% N.B. N. D.  N. D.
N odule r o o ts 20-30 0 N. D. N. D.  N . D .
3 . N odules 30 0 N. D. N. D.  N. D.
P a r e n t a l  r o o t s 35 0 N. D. N. D.  N. D.
N odule r o o ts 30 0 N. D. N. D.  N. D.
N odules ( d) 35 3 -  6% N. D. N . D .  N. D.
( + n o d u le  r o o ts )
A s s o c ia te d 30 80 ± 12% N. D. N. D.  N. D.
r o o ts
T able 5 b .
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B io a s sa y GC-MS
Sam ple Sam ple 
s i z e -  
f r e s h  w t. 
. e q u iv a le n t s  
(g ) ..........
lAA
e q u iv a le n t s  
y g / k g . f r . w t .
Sam ple 
s i z e -  
f r e s h  w t . 
.e q u iv a l e n t s  
(g)
S .I .M .
(m /e 202) 
yg lA A /
. k g . f r . w t .  -
M .I
202
.M.
319
V ic ia  fab  a 
1 . N odules 15 8 ± 27% U5 0 .5 + +
P a r e n t a l  r o o ts 35 0 165 0 .1 + +
2 . N odu les (b ) 35 9 ± 11% 105 10 + +
P a r e n t a l  r o o ts 35 2 ± 8% 265 j u s t  +ve — 4-
3. N odules NvD 70 4o N. D. N . D .
P a r e n t a l  r o o ts N-.D 500 4 N. D. N. D.
U. N odules ( c ) 20 i+0 ± 17% 100 500 N. D. N. D .
5 . N o n -n o d u la te d  
r o o ts
30 0 N. D. N. D. N . D .
( i )  -  A bsence o f  io n  from  t r a c e
( i i )  + P re s e n c e  o f  io n  on t r a c e  
( i  i  i  ) N . ® o tN ô tt d e té rm ân e  d
( iv )  M a te r ia l  was h a r v e s t e d  from  p l a n t s  grown i n  'P e r a l i t e '  o r  w a te r  
c u l t u r e  e x c e p t  f o r : -
( a )  F i e ld  m a t e r i a l  from  c o p p ic e  n e a r  M iln g a v ie  c .2 0  y e a r s  o ld ,
(b )  F i e l d  grown m a t e r i a l  v a r .  'E x h i b i t io n  Longpod ' .
( c )  F i e l d  grown m a t e r i a l  v a r .  'M a s te rp ie c e  G reen L o n g p o d '.
( d) F i e l d  m a t e r i a l  from  G a r r a r ie s  F o r e s t ,  New G allow ay .
(v )  The v a lu e s  i n  t h e  t a b l e  a r e  n o t  c o r r e c te d  f o r  l o s s e s  w hich  
r a d i o a c t i v e  r e c o v e ry  d a ta  s u g g e s t  w ere o f  th e  o r d e r  o f  70%.
( v i )  Minimum d e t e c t a b l e  l e v e l  o f  lAA ( a )  by  b io a s s a y  = 250 n g . / b io a s s a y
(b )  b y  GC-MS S .I .M . = 0 .5  -  1 n g / i n j e c t i o n .
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(1 ) Run to  ru n  v a r i a t i o n  in  sam p les  o f  th e  same e x t r a c t .  U sin g  
s i m i l a r  am ounts o f  s a m p le , lAA l e v e l s  v a r i e d  i n  s u c c e s s iv e  
d e te r m in a t io n s  i n  t h e  same s e r i e s  and  may have  b e e n  due t o : -
( a )  I n a c c u r a c ie s  in  t h e  volum e o f  sam ple  i n j e c t e d .
(b )  D r i f t  o f  M .S. r e s p o n s e  ( io n  f o c u s s in g  a n d /o r  m a g n e tic  
f i e l d  s t r e n g t h ) .
(2 ) The p re s e n c e  o f  i m p u r i t i e s .  Io n s  o f  m /e 202, d e r iv e d  from  
i m p u r i t i e s , e l u t i n g  w ith  lAA-TM Si, c o u ld  g iv e  s p u r io u s
me as u r  erne n t 8 .
The minimum d e t e c t a b l e  l e v e l  o f  lAAUBy GC-MS S .I .M . v a r i e d ,  
d e p e n d in g  upon th e  s e n s i t i v i t y  o f  tu n in g  on any p a r t i c u l a r  ru n  and  
was u s u a l l y  o f  t h e  o r d e r  o f  O .5  ~ 10 ng  p e r  i n j e c t i o n  ( = IO -6O n g /  
e x t r a c t ) .
E s t im a t io n  o f  lAA. l e v e l s  c o u ld  n o t  b e  made from  M .I.M . d a ta  
(M .I.M . was o n ly  a t te m p te d  in  l a t e r  e x p e r im e n ts  as f a c i l i t i e s  becam e 
a v a i l a b l e ) ,  s in c e  th e  r e l a t i v e  p eak  h e ig h t s  o f  t h e  io n s  m /e 202 and  
319 a t  th e  e l u t i o n  p o i n t  o f  lAA-TMSi i n  p l a n t  e x t r a c t s , d i f f e r e d  from  
th e  r e l a t i v e  abundance  o f  t h e s e  io n s  i n  s t a n d a r d s .  T h is  was p ro b a b ly  
due t o  i n t e r f e r e n c e  from  i m p u r i t i e s ,  m e n tio n e d  a b o v e . The p re s e n c e  
o r  a b sen c e  o f  io n s  m /e 202 and  319 i s  i n d i c a t e d  in  T a b le  5 a ,b ,  b u t  
i t  s h o u ld  b e  n o te d  t h a t  t h e  m ass s p e c t r a  w h ich  w ere  o b ta in e d  d id  n o t  
a llo w  p o s i t i v e  i d e n t i f i c a t i o n  o f  lAA due t o  t h e  h ig h  b a c k g ro u n d  o f  
i n t e r f e r i n g  io n s  and  th e  low  l e v e l s  o f  lAA p r e s e n t .
G a s - l i q u id  c h ro m a to g rap h y  (GLC) o f  p a r t i a l l y  p u r i f i e d  p l a n t  e x t r a c t s
The v a r i a b i l i t y  i n  lAA l e v e l s ,  e s t im a te d  from  S .I .M . d a ta  
(T a b le  5 a , b ) ,  and  th e  d i f f i c u l t i e s  d e s c r ib e d  a b o v e , b o th  i n  M .I.M , 
i n  sam p les  o f  e x t r a c t s  and  i n  a t te m p ts  t o  o b ta in  m ass s p e c t r a ,  
s u g g e s te d  t h a t  f u r t h e r  a t t e n t i o n  s h o u ld  b e  g iv e n  t o  p u r i f i c a t i o n  o f  
e x t r a c t s .  A l a r g e  num ber o f  t h e  e x t r a c t s  w ere  a n a ly s e d  s e p a r a t e l y  by 
GLC t o  i n v e s t i g a t e  a n d , i f  p o s s i b l e ,  e f f e c t  f u r t h e r  s e p a r a t i o n  in  th e  
lAA-TMSi r e g io n .
T y p ic a l  GLC t r a c e s  f o r  t h e  d i f f e r e n t  ty p e s  o f  sam ple  e x t r a c t  from  
th e  t h r e e  s p e c i e s ,  a r e  shown i n  F ig u re  1 . L arg e  num bers o f  im p u r i ty  
p eak s  w ere p r e s e n t  i n  t h e  lAA-TMSi r e g i o n ,  c o n f irm in g  t h e  above 
s u s p ic io n s  r e g a r d in g  th e  im p u r i ty  o f  t h e  e x t r a c t s .  E l u t i o n  o f  sam p les 
from  th e  colum n to o k  1 -2  h o u r s , so  t h a t  some o f  t h e  p ro b lem s e n c o u n te re d  
w ith  S .I .M . c o u ld  be  a s c r ib e d  t o  o v e r la p  in  sam ple  e l u t i o n  from  th e  GC.
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F ig û re  1
G a s - l i q u id  chrom atogram s o f  s i l y l a t e d  r o o t  n o d u le  
an d  r o o t  e x t r a c t s  o f  A lnus g l u t i n o s a . and  r o o t  e x t r a c t s  o f  V ic ia  J  
E l u t i o n  p o in t  o f  lAA d e te rm in e d  im m e d ia te ly  b e f o r e  
ch ro m a to g rap h y  o f  each  e x t r a c t .
C h ro m a to g ra p h :-  P y e , s e r i e s  1 0 4 .
C o l u m n 3% OV-IT (Gas Chrom Q, 8 0 /1 0 0  m esh , ç" x  7 ' )
1% S E -52 (Gas Chrom Q,1 0 0 /1 2 0  m esh , x  7 ' )
T e m p e r a tu r e :-  colum n l6 o ^ C , d e t e c t o r  210^0 
" 190°C , " 250°C
C a r r i e r  g a s : -  n i t r o g e n ,  50 -60  m l. m in 
D e t e c t o r : -  flam e -  i o n i s a t i o n .
A l iq u o ts  ( 1 -5  yA) o f  e x t r a c t s ,  c o m p r is in g  5-15% 
o f  t h e  t o t a l  sam p le  w ere  u s e d  f o r  a n a l y s i s .
lAA-TMSi S ta n d a rd s  (2 -4  yg.& w ere  d i s s o lv e d  
i n  BSTFA:CH3 CN: :1 :4  ( s o l u t i o n s  w ere  y e l lo w - g r e e n  b u t  
showed no  l o s s  i n  GC r e s p o n s e  o r  p r e s e n c e  o f  a d d i t i o n a l  
i m p u r i t i e s ) .  W ith  g r e a t e r  d i l u t i o n  o f  t h e  BSTFA, a l l  
GC re s p o n s e  d i s a p p e a re d  a f t e r  a  few h o u r s .
A lnus g lub'ii^oscC
N o d u l e s
LUc o
zo
CL
LT>
LU
CL
l A A
R o o t s
l A A
RETENTION TIME (MIN)
Vicia fa b a
Roots
lAA
i
400
LU
z
o
Q .LO
8040
120
120 145
RETENTION TIME (MIN)
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2 . D evelopm ent o f  - p u r i f i c a t i o n  -p rocédu res
The p u r i f i c a t i o n  m ethods f o r  endogenous lAA u s e d  i n i t i a l l y  i n  
t h i s  i n v e s t i g a t i o n 5 a l th o u g h  b a s e d  upon p u b l is h e d  p ro c e d u re s  w i th  
o t h e r  t i s s u e s  (G reenw ood e t  a l . * 1 9 7 2 ; B r id g e s  e t  a l . . 1973 ;
E l l i o t t  and G reenw ood, 1 9 7 ^ ) s v e r e  n o t  s u c c e s s f u l  when u s e d  w i th  
n o d u la te d  r o o t  sy s te m s  ( S e c t io n  l ) . I n s u f f i c i e n t  sam p le  p u r i t y  
a t  t h e  GC-MS s ta g e  i n t r o d u c e d  l a r g e  v a r i a t i o n s  i n t o  t h e  e s t im a t io n  
o f  t h e  low  l e v e l s  o f  lAA. i n  t h e  e x t r a c t s  b y  s in g l e - io n - m o n i to r in g  ( a t  
m /e 2 0 2 ) . P o s i t i v e  i d e n t i f i c a t i o n  o f  lAA. b y  GC-MS was u n s u c c e s s f u l  
f o r  t h e  same r e a s o n s .  T h is  e a r l y  w ork show ed t h e  n e c e s s i t y  f o r  
f u r t h e r  p u r i f i c a t i o n  o f  n o d u la te d  r o o t  e x t r a c t s  f o r  c r i t i c a l  
i d e n t i f i c a t i o n  an d  q u a n t i f i c a t i o n  o f  lAA l e v e l s .  P r e l im in a r y  
e x p e r im e n ts  s u g g e s te d  t h a t  t h e  te c h n iq u e s  o f  g e l  p e rm e a tio n  ch ro m a to g rap h y  
(R eeve and  C r o z i e r ,  197^) and  p r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  
ch ro m a to g rap h y  (R eeve e t  a l . , 1 9 7 ^ } , d e v e lo p e d  a t  G lasgow  and  u se d  
m a in ly  i n  t h e  a n a ly s i s  o f  p l a n t  e x t r a c t s  f o r  r a d i o a c t i v e l y - l a b e l l e d  
g i b b e r e l l i n s , w ere  l i k e l y  t o  b e  u s e f u l  a l s o  f o r  t h e  a n a ly s i s  o f  
a c i d i c  and  n e u t r a l  i n d o l e s . T hese  te c h n iq u e s  h av e  b e e n  d e v e lo p e d  
f u r t h e r  f o r  t h e  p u r i f i c a t i o n  o f  lAA in  e x t r a c t s  from  t h e  s p e c ie s  
u s e d  i n  t h e s e  i n v e s t i g a t i o n s .
2 .1  E x t r a c t i o n  o f  p l a n t  m a t e r i a l  and  i n i t i a l  p u r i f i c a t i o n
The e x t r a c t i o n  p ro c e d u re  d i f f e r e d  from  t h a t  u s e d  p r e v io u s ly  
( S e c t io n  l . l )  i n  s e v e r a l  r e s p e c t s
(1 ) I n  l a t e r  h a r v e s t s ,  1-^^C -lA A  was added  t o  t h e  hom ogenate  ( p la n t  
m a t e r i a l  i n  80^ aqueous m e th a n o l)  b e f o r e  o v e rn ig h t  e x t r a c t i o n ,  t o  
m o n ito r  l o s s e s  d u r in g  t h e  e x t r a c t i o n  and  p u r i f i c a t i o n  p r o c e d u r e s ,
(2$ PVP p u r i f i c a t i o n  to o k  t h e  fo rm  o f  a  s l u r r y  r a t h e r  th a n  a  co lum n.
The aqueous m e th a n o l f i l t r a t e ,  a f t e r  r e d u c t io n  t o  t h e  aqueous p h a s e ,  
was re s u s p e n d e d  i n  0 .1  M HPO^ b u f f e r  a t  pH8. I n s o l u b l e  PVP, 
su sp e n d e d  in  t h e  same b u f f e r ,  was f i l t e r e d  t o  rem ove e x c e s s  b u f f e r  
and ad d ed  t o  th e  aqueous p h a se  ( i g  f i l t e r e d  PV P/2g. f r e s h  w e ig h t 
e q u iv a l e n t s  n o d u le  t i s s u e  and  h a l f  t h e  r a t e  f o r  r o o t  t i s s u e )  t o  form  
a  s l u r r y .
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(3) E th e r  p a r t i t i o n  was p e rfo rm e d  a f t e r  PVP t r e a tm e n t  r a t h e r  th a n  
b e f o r e ,  t o  s t r e a m l in e  t h e  p u r i f i c a t i o n  p r o c e d u r e . The s l u r r y  w i th  
PVP was f i l t e r e d  th ro u g h  a  B u ch n er f u n n e l , w ashed  tw ic e  w ith  b u f f e r  
and  t h e  com bined  f i l t r a t e s  a c i d i f i e d  t o  pH3 and  p a r t i t i o n e d  t h r e e  
t im e s  a g a in s t  e q u a l  vo lum es o f  d i e t h y l  e t h e r .
(4) The r e s i d u e  ( d r i e d  e t h e r  e x t r a c t )  was s t o r e d  o v e r  s i l i c a  g e l  
a t  -18°C  u n t i l  r e q u i r e d  f o r  f u r t h e r  p u r i f i c a t i o n .
2 .2  G el P e rm e a tio n  C hrom atography  ( GPC)
I n t r o d u c t i o n
The a c id i c  e t h e r  s o lu b le  e x t r a c t s ,  o b ta in e d  a s  d e s c r ib e d  in  
S e c t io n  2 .1 ,  w ere  u s u a l l y  o f  h ig h  d ry  w e i ^ t ,  r e q u i r i n g  f u r t h e r  
p u r i f i c a t i o n  u s in g  a  p ro c e d u re  w ith  h i ^  sam ple  c a p a c i ty  su ch  as 
a  s u i t a b l e  GPC sy s te m . In  t h i s  t e c h n iq u e ,  a  s w o l le n ,  n o n - r i g i d  
g e l  i s  u s u a l l y  u s e d ,  i n  c o n ju n c t io n  w ith  an o r g a n ic  s o l v e n t ,  t o  
e f f e c t  t h e  s e p a r a t i o n  o f  compounds a c c o rd in g  t o  m o le c u la r  s i z e .
U sed as  a  p r e l im in a r y  p u r i f i c a t i o n  p r o c e d u r e ,  GPC h a s  t h e  a d v a n ta g e  
t h a t  r e l a t e d  com pounds, c o v e r in g  a  w ide  ra n g e  o f  p o l a r i t y ,  a re  
e l u t e d  t o g e t h e r .  Due t o  th e  a b se n c e  o f  a d s o r p t io n  e f f e c t s ,  s u c c e s s iv e  
sam ples can  b e  ru n  w i th o u t  o v e r l a p .  T h e o r e t i c a l  an d  p r a c t i c a l  
c o n s id e r a t io n s  o f  g e l  p e rm e a tio n  ch ro m a to g rap h y  a re  d e t a i l e d  in  
Bomb augh (19 T1) .
In  th e  c h ro m a to g ra p h ic  sy s te m  u s e d  f o r  th e  p r e s e n t  i n v e s t i g a t i o n ,  
t h e  colum n was p a c k e d  w ith  n e u t r a l ,  p o ro u s  p o ly s ty r e n e  b e a d s  s w o lle n  
w i th  t e t r a h y d r o f u r a n  t o  fo rm  a  n o n - r i g id  g e l  o p e r a t in g  w i th in  a 
m o le c u la r  w e ig h t  r a n g e - o f  0 -1500  ( e l u t i o n  i s  i n  o r d e r  o f  d e c re a s in g  
m o le c u la r  s i z e ) .  The e l u t i n g  s o lv e n t  was t e t r a h y d r o f u r a n ,  w h ich  i s  
an e x c e l l e n t  s o lv e n t  f o r  im pure  p l a n t  e x t r a c t s ,  a l lo w in g  t h e  h ig h  
sam ple c a p a c i ty  o f  t h e  colum n t o  b e  f u l l y  u t i l i s e d .
C h ro m ato g rap h ic  s y s te m .
Two 2 .5  x; 100 cm g l a s s  colum ns w ere  c o n n e c te d  i n  s e r i e s  and  p a c k ed  
w ith  B io -b e a d s  (B io -R ad  L a b o r a to r i e s  L t d . ,  B ro m ley , K e n t ) ;  t h e  f i r s t  
colum n c o n ta in e d  50 cm SX-12 and  50 cm SX-8 and  t h e  s e c o n d  colum n 
100 cm SX-4 . The colum ns w ere  o p e r a te d  a t  room t e m p e r a tu r e .
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Sam ples w ith  a  d ry  w e ig h t  up t o  I g  w ere d i s s o lv e d  i n  2 m l. t e t r a ­
h y d ro fu ra n  and  in t r o d u c e d  o n to  th e  column by  means o f  a  s i x - p o r t  
sam ple  v a lv e  f i t t e d  w ith  a  2 m l. sam ple  lo o p .  E lu t io n  o f  t h e
—1sam ples was w ith  t e t r a h y d r o f u r a n  a t  a  f lo w  r a t e  o f  2 .5  m l.m in  , 
d e l i v e r e d  b y  a  m ic ro -m e te r in g  pump a t  5 p . s . i .  B e fo re  u s e ,  
t e t r a h y d r o f u r a n  was r e f l u x e d  o v e r  c u p r ic  c h lo r id e  f o r  30 m in u te s  , 
r e d i s t i l l e d  and  s t o r e d  i n  d a rk n e s s  u n d e r  n i t r o g e n .  Compounds e l u t i n g  
from  t h e  colum n w ere  m o n ito re d  means o f  a  F r e s n e l - t y p e  d i f f e r e n t i a l  
r e f r a c t o m e t e r  l i n k e d  t o  a  c h a r t  r e c o r d e r .
I t  h a s  b e e n  r e p o r t e d  p r e v io u s ly  f o r  t h i s  sy s te m  (R eeve and C r o z ie r ,  
1 9 7 6 ) t h a t  : -
Vo ( v o id  o r  e x c lu s io n  volum e o f  colum n) = 350 m l.
( u s in g  ex p an d ed  p o l y s t y r e n e ,  m .w t, > I 5OO)
Vt ( t o t a l  volum e o f  colum n) = 610 m l.
( u s in g  m e th a n o l,  m .w t. = 32)
Sam ple p u r i f i c a t i o n  u s in g  GPC
In  th e  e a r l y  e x p e r im e n ts , t h e  colum n was c a l i b r a t e d  u s in g  
r a d i o a c t i v e l y - l a b e l l e d  lAA ( 5-% -lA A . and  1 -^^C -lA A , 9 4 -3 4 8  x 1 0 G d .p .m . ) 
im m e d ia te ly  b e f o r e  sam p les  w ere  r u n ,  t o  check  th e  e l u t i o n  volum e o f  lAA. 
L a t e r ,  1-^^C-lAA. was added  t o  e x t r a c t s  a f t e r  h o m o g e n is a t io n , t o  a llo w  
endogenous lAA r e c o v e iy  t o  b e  e s t im a te d ,  a l th o u g h  GPC colum n e lu a t e  
was a l s o  m o n ito re d . I n  b o th  c a s e s ,  f r a c t i o n s  (lO  m l) o f  column 
e l u a t e  w ere c o l l e c t e d  b e tw e en  450-650  m l. and  a l i q u o t s  (50  p t )  d r i e d  
in  s c i n t i l l a t i o n  v i a l s  i n  a  s tr e a m  o f  c o ld  a i r  and  th e n  d i s s o lv e d  in  
m e th a n o l p r i o r  t o  l i q u i d  s c i n t i l l a t i o n  c o u n tin g . E a r ly  c a l i b r a t i o n s  
i n d i c a t e d  an lAA re c o v e ry  l e v e l  o f  72% ( i n  60 m is colum n e l u a t e ,  b e tw een  
520 an d  610 m is e l u t i o n  volum e) b u t  i n  l a t e r  c a l i b r a t i o n s  re c o v e ry  
l e v e l s  w ere  much re d u c e d  (50 -54% ). T h is  r e d u c t io n  was th o u g h t  t o  b e  
due t o  c o n ta m in a t io n  o f  t h e  colum n w i th  c h a r c o a l ,  d e r iv e d  from  e x t r a c t s  
a n a ly s e d  b y  o t h e r  u s e r s  o f  t h e  GPC sy s te m . In  t h e  l a t e r  e x t r a c t s ,  t h e  
i n t e r n a l  lAA. s t a n d a r d  i n d i c a t e d  re c o v e ry  l e v e l s  o f  58% and  68% f o r  lAA 
in  n o d u le  and  r o o t  e x t r a c t s  r e s p e c t i v e l y  o f  A lnus g l u t i n o s a , and  o f  
42% and  75% f o r  n o d u le  and  r o o t  e x t r a c t s  r e s p e c t i v e l y  o f  M y rica  g a l e .
A c id ic  e t h e r  s o lu b le  e x t r a c t s  o f  p l a n t  m a t e r i a l ,  p r e p a r e d  as 
d e s c r ib e d  in  s e c t i o n  2 . 1 ,  w ere  d i s s o lv e d  in  1 m l. t e t r a h y d r o f u r a n
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( e . g .  377 and  745 g* f r e s h  w e ig h t  e q u iv a le n t s  o f  n o d u le  an d  r o o t  
e x t r a c t s  r e s p e c t i v e l y  o f  A lnus g l u t i n o s a  c o u ld  h e  p u r i f i e d  p e r  ru n )  
and  ta k e n  up i n t o  t h e  sam ple  lo o p  fo llo w e d  b y  two w ash es o f  0 .6  and
0 .4  ml s o l v e n t .  The e x t r a c t s  w ere  a p p l i e d  t o  t h e  colum n v i a  t h e
sam ple  v a lv e ,  t h e  e l u a t e  m o n ito re d  an d  f r a c t i o n s  c o l l e c t e d  as 
d e s c r ib e d  p r e v i o u s ly ;  f r a c t i o n s  c o r r e s p o n d in g  t o ,  o r  c o n ta in in g  
l a b e l l e d  lAA w ere  b u lk e d  f o r  f u r t h e r  p u r i f i c a t i o n ,  r e d u c e d  t o  d ry n e ss  
by  r o t a r y  e v a p o r a t io n  and  t h e  r e s id u e  s t o r e d  o v e r  s i l i c a  g e l  a t  
-  18°C .
The r e f r a c t i v e  in d e x  p r o f i l e s , o f  t h e  colum n e l u a t e s  o f  e x t r a c t s  
o f  ea ch  o f  th e  t h r e e  s p e c i e s  o f  p l a n t  m a t e r i a l  u n d e r  i n v e s t i g a t i o n ,  
a r e  shown i n  f i g u r e  2 . L a rg e  am ounts o f  im p u r i ty  w ere  e l im in a te d
(a s  m ea su red  b y  change in  r e f r a c t i v e  in d e x  o f  colum n e l u a t e )  from
th e  lAA e l u t i o n  volum e o f  a l l  t h e  e x t r a c t s  exam in e d .
2 . 3 P r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  ch ro m a to g ra p h y  ( p r e p a r a t i v e  HPLC) 
I n t r o d u c t i o n
Of t h e  s e v e r a l  ty p e s  o f  l i q u i d  ch ro m a to g rap h y  
a v a i l a b l e ,  l i q u i d - l i q u i d  ( p a r t i t i o n )  ch ro m a to g ra p h y  (LLC) was u s e d  in  
t h e  p r e s e n t  p r e p a r a t i v e  HPLC w o rk . I n  t h i s  t e c h n i q u e ,  compounds i n  
t h e  sam p le  p a r t i t i o n  b e tw e en  a  s t a t i o n a r y  p h a se  c o a te d  o n to  a  s o l i d  
s u p p o r t ,  and  a  m o b ile  p h a s e  w h ich  i s  pumped th ro u g h  t h e  co lum n.
A se c o n d  ty p e  i s  l i q u i d - s o l i d  ( a d s o r p t io n )  c h ro m a to g ra p h y  (LSC) w h ich  
was u s e d  in  t h e  a n a l y t i c a l  HPLC p r o c e d u r e s .
H igh p e rfo rm a n c e  i n  l i q u i d  c h ro m a to g rap h y  h a s  b e e n  a c h ie v e d  w ith  
th e  u se  o f  s m a l l  d ia m e te r  colum ns and  s o l i d  s u p p o r t s  o f  s m a ll  p a r t i c l e  
d ia m e te r ,  c o u p le d  w i th  h ig h  m o b ile  p h a se  flo w  r a t e s  (10  t im e s  g r a v i t y  
f e e d  r a t e s ) .  The h i g h e s t  r e s o l u t i o n  an d  m ost p r e c i s e  q u a n t i f i c a t i o n  
o f  compounds i s  a c h ie v e d  u s in g  HPLC sy s te m s  w i th  a n a l y t i c a l  colum ns 
h a v in g  s m a l l  d i a m e te r s , o f  t h e  o r d e r  1 -3  mm. S in c e  s e p a r a t i o n  e f f i c i e n c y  
d e c l in e s  r a p i d l y  i n  an o v e r lo a d e d  co lum n , su ch  s m a l l  d ia m e te r  colum ns 
l i m i t  sam ple  s i z e  an d  c o n s e q u e n t ly  th e y  a re  u n l ik e ly  t o  b e  s u i t a b l e  
f o r  p r e p a r a t i v e  p u r p o s e s .
F o r  p r e p a r a t i v e  w o rk , colum ns o f  w id e r  d ia m e te r  a r e  r e q u i r e d .
A lth o u g h  th e s e  o f f e r  h ig h  sam ple  c a p a c i t y ,  t h e y  do n o t  b e h a v e  i d e a l l y .  
L ow ering  o f  t h e  colum n e f f i c i e n c y  o c c u rs  th ro u g h  s o - c a l l e d  'w a l l  e f f e c t s ’ .
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F ig u re  2
G el p e rm e a tio n  ch ro m a to g ra p h y . P r o f i l e s  
show ing  change i n  r e f r a c t i v e  in d e x  w ith  
e l u t i o n  volum e d u r in g  p u r i f i c a t i o n  o f  
e x t r a c t s  from  A lnus g l u t i n o s a . M v rica  
g a le  an d  V ic ia  f a b a .
B ars  i n d i c a t e  volum e o f  e l u a t e  c o l l e c t e d  f o r  f u r t h e r  
p u r i f i c a t i o n .
A ïïo d u lè s  
B R oots
C R a d i o a c t iv i t y  r e c o v e r e d  from  a l i q u o t s  (50  
o f  e l u a t e  f r a c t i o n s  (10  m l) from  a  n o d u le  
e x t r a c t  o f  t h e  p a r t i c u l a r  s p e c i e s .
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w hereby  sam p le  m o le c u le s  r e a c h  t h e  w a l l  o f  t h e  colum n an d  t r a v e l  f a s t e r  
th a n  th o s e  i n  t h e  c e n t r e .  T h is  r e s u l t s  in  a n o m a lie s  i n  p e a k  s h a p e .
I n  n a rro w -b o re  c o lu m n s , t r a n s f e r  b e tw e en  t h e  w a l l  a n d  c e n t r e  o f  t h e  
colum n i s  s u f f i c i e n t l y  r a p i d  t o  a v o id  t h e s e  e f f e c t s .  W ith  l a r g e r  
d ia m e te r  c o lu m n s , g r e a t e s t  colum n e f f i c i e n c y  o c c u rs  w h ere  sam ple  
m o le c u le s  n e v e r  r e a c h  t h e  d i s t u r b e d  w a l l  a r e a ;  t h e s e  a r e  colum ns 
o f  ’ i n f i n i t e - d i a m e t e r ’ . The minimum i n t e r n a l  d ia m e te r  t o  a c h ie v e  a 
aoiiomaiiSf' i i h f i n i t e - d i a m e t e r ’ can  b e  c a l c u l a t e d  g iv e n  t h e  l e n g th  and 
p a r t i c l e  s i z e  ( K i r k la n d ,  1 9 T l ) • I n c r e a s e d  sam ple  c a p a c i ty  can  a l s o  
b e  a c h ie v e d  b y  m eans o f  h ig h e r  s t a t i o n a r y  p h a se  l o a d i n g s .  T h is  w i l l  
im prove colum n s t a b i l i t y ,  a l th o u g h  t h e r e  i s  some l o s s  i n  colum n 
e f f i c i e n c y .
A w id e  v a r i e t y  o f  compound t y p e s ,  b o th  p o l a r  an d  n o n - p o la r ,  can  b e  
s e p a r a t e d  b y  LLC due t o  t h e  d i v e r s i t y  o f  p a r t i t i o n i n g  s o lv e n t s  a v a i l a b l e  
f o r  s e l e c t i o n  o f  a p p r o p r i a t e  s t a t i o n a r y  and m o b ile  p h a s e s .  LLC i s  
m ost commonly u s e d  w i th  a  p o l a r  s t a t i o n a r y  p h a se  an d  a  much l e s s  p o l a r  
m o b ile  p h a s e .  T h is  s e p a r a te s  t h e  more s t r o n g l y  p o l a r  com pounds, w h ich  
a re  p r e f e r e n t i a l l y  r e t a i n e d  i n  t h e  p o l a r  s t a t i o n a i y  p h a s e .  When non­
p o l a r  compounds a r e  s e p a r a t e d ,  t h e  p h a se s  a re  r e v e r s e d  ( 'r e v e r s e d -  
p h a s e ' LLC).
The m o b ile  p h a se  m ust f u l f i l  s e v e r a l  p r a c t i c a l  r e q u i r e m e n ts , t h e  
m ost im p o r ta n t  o f  w h ich  i s  t o  a c h ie v e  maximum r e s o l u t i o n  i n  th e  
s a m p le , o f  a l l  t h e  compounds o f  i n t e r e s t .  The c a p a c i ty  f a c t o r ,  k ' , 
d e s c r ib e d  t h e  r e t e n t i o n  o f  a  compound d u r in g  c h ro m a to g ra p h y  b y  th e  
s t a t i o n a i y  p h a s e . T h is  i s  a  f u n c t io n  o f  t h e  p o l a r i t y  o f  t h e  sam ple 
and  t h e  p o l a r i t i e s  o f  t h e  s t a t i o n a r y  and  m o b ile  p h a s e s .
k ’ = t ^  -  t  R o
t o
t ^  = r e t e n t i o n  t im e  o f  t h e  compound
t^  = r e t e n t io n  tim e o f  n o n -r e ta in e d  compound ( i . e .  s o lv e n t  f r o n t ) .  
S o lv e n t  ( i . e .  s t a t io n a r y  p h ase  and m ob ile  p h a se) p o l a r i t y  can be  
quaH titâ tivè;3yd dé’fiîinêd. In  LLC one m easure commonly em ployed i s  th e  
H ild eb ran d  s o l u b i l i t y  param eter ( 6 ) , v a lu e s  o f  w hich range from  6 
fo r  flu o r o c a r b o n s  ( l e a s t  p o la r )  t o  21 fo r  w a ter  (m ost p o la r ) .  The 6 
v a lu e s  o f  th o s e  s o lv e n t s  w hich have been  used  t o  d ev e lo p  t h e  chrom atographic  
system s d e s c r ib e d  in  t h i s  s tu d y , are  g iv e n  in  T ab le 6
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Sam ple k ’ v a lu e s  v a ry  w ith  s o lv e n t  c o m p o s itio n  a n d  a r e  u s u a l ly  
a d ju s t e d  h y  a l t e r i n g  t h e  c o m p o s itio n  o f  t h e  m o b ile  p h a s e ,  r a t h e r  th a n  
th e  s t a t i o n a r y  p h a s e .  A lth o u g h  i n i t i a l  s e l e c t i o n  o f  t h e  m o b ile  
p h a se  i s  l a r g e l y  e m p i r i c a l ,  f u r t h e r  a d ju s tm e n t  can  b e  b a s e d  on 6 v a lu e s  
I n  LLC, as u s e d  h e r e ,  a s  t h e  s o lv e n t  s t r e n g th  o f  t h e  m o b ile  p h a se  i s  
in c r e a s e d  (6 v a lu e s  i n c r e a s e ) ,  i t s  p o l a r i t y  i n c r e a s e s
T a b le  6
V alu es  (ô )  o f  t h e  s o l u b i l i t y  p a ra m e te r  (H ild e b ra n d )  f o r  
s o lv e n t s  u s e d  i n  t h e  p r e s e n t  sam ple  p u r i f i c a t i o n  p ro c e d u re s
S o lv e n t (S n y d e r §_
W ate r 21 D ich 1 o rom ethane 9 .6
M eth an o l 1 2 .9 T e t r a h y d ro f u r a n 9 .1
D im e th y ls  u lp h o x i  de 1 2 .8 E th y l  a c e t a t e 8 .6
A c e t ic  a c id 1 2 , h D ie th y l  e t h e r 7 .^
A c e t o n i t r i l e 1 1 .8 Hexane 7 .3
and  k ’ v a lu e s  o f  t h e  p a r t i c u l a r  compound a r e  d e c r e a s e d .
I n  com plex m ix t u r e s ,  when even  w i th  optim um  s o lv e n t  s t r e n g t h  two 
o r  more compounds may b e  in c o m p le te ly  s e p a r a t e d ,  g r e a t e r  r e s o l u t i o n  
may b e  a c h ie v e d  b y  th e  u s e  o f  a  s o lv e n t  g r a d i e n t ,  i n  w h ich  th e  
s t r e n g t h  o f  t h e  s o lv e n t  i s  g r a d u a l ly  changed  d u r in g  e l u t i o n .  The k ’ 
v a lu e  i s  th e n  optim um  f o r  each  compound as i t  moves th ro u g h  t h e  co lum n. 
F u r th e r  t h e o r e t i c a l  an d  p r a c t i c a l  d e t a i l s  o f  LLC a r e  d i s c u s s e d  in  
K ir k la n d  ( l9 T l )  an d  S n y d e r  and  K ir k la n d  ( 197^) •
C h ro m ato g rap h ic  S ystem
P r e p a r a t i v e  HPLC was u t i l i s e d  i n  t h i s  p r o j e c t  f o r  tw o p u r p o s e s .  
F i r s t l y ,  f o r  f u r t h e r  p u r i f i c a t i o n  o f  im pure  e x t r a c t s  f o l lo w in g  s o lv e n t  
p a r t i t i o n  and  GPC, as a  s t e p  to w a rd s  t h e  i d e n t i f i c a t i o n  an d  e s t im a t io n  
o f  endogenous lAA l e v e l s .  S e c o n d ly , t o  s c a n  e x t r a c t s  f o r  r a d i o a c t i v e  
m e ta b o l i te s  o f  w id e ly  d i f f e r i n g  p o l a r i t i e s  d e r iv e d  from  p l a n t s  t r e a t e d  
w i th  r a d i o a c t i v e l y - l a b e l l e d  lAA. T hese e x t r a c t s ,  w h ich  w ere  s u b je c t e d  
o n ly  t o  s o lv e n t  p a r t i t i o n i n g ,  w ere  v ezy  im pure  and  f r e q u e n t l y  c o n ta in e d  
o n ly  low  l e v e l s  o f  r a d i o a c t i v i t y ,  n e c e s s i t a t i n g  th e  u se  o f  a  chrom a­
t o g r a p h ic  s y s te m  o f  r e a s o n a b ly  h ig h  sam ple  c a p a c i ty  b u t  c a p a b le  a l s o  
o f  r e s o l v in g  a  w id e  ra n g e  o f  sam p le  com ponen ts .
ho
The LLC s y s te m  d e s c r ib e d  i n  t h i s  p r o j e c t  ( F ig u r e  3 ) h a s  b een
d e v e lo p e d  from  t h e  s i l i c a  g e l  p a r t i t i o n  colum n o f  P o w e ll  and  T au tv y d as  
( 1 9 6 7 ) t o  p r o v id e  a  much f a s t e r  and  m ore e f f i c i e n t  s e p a r a t i o n .  A 
r i g i d  g e l  su c h  a s  s i l i c a  i s  n e c e s s a r y  t o  s u s t a i n  s o lv e n t  program m ing 
(a n d  a l s o  t h e  h ig h  m o b ile  p h a se  f lo w  r a t e s  u s e d  i n  HPLC).
The colum ns (1 0  x  4^0 mm) u s e d  f o r  a n a ly s i s  c o n ta in e d  e i t h e r  10 
o r  20 ym s i l i c a  g e l  p a r t i c l e s  ( P a r t i s i l  1 0 , 20 -  Whatman L t d . ,  M a id s to n e ,
K e n t ) . The s i l i c a  g e l  was lo a d e d  i n i t i a l l y  w i th  a  s t a t i o n a r y  p h a s e
o f  hO% (v /w ) 0 .5  M fo rm ic  a c id .  I n  l a t e r  w o rk , t h i s  was r e p l a c e d  by  
hO% (v /w ) 1 .0  M a c e t i c  a c id  b e c a u s e  o f  p ro b lem s w ith  i r r e v e r s i b l e  changes 
i n  t h e  colum n a f t e r  p ro lo n g e d  u s e  ( c o n d e n s a t io n  r e a c t i o n  p r o d u c ts  w ere  
r e t a i n e d  and  e v e n tu a l l y  s a t u r a t e d  t h e  co lum n, r a i s i n g  t h e  pH o f  t h e  
s t a t i o n a r y  p h a s e ) .  The m o b ile  p h a se  was e i t h e r  a  g r a d i e n t  o f  e th y l  
a c e t a t e  i n  h e x a n e , v a r i a b l e  b e tw e en  0-100% , o r  a  c o n s ta n t  c o n c e n t r a t io n  
o f  e th y l  a c e t a t e  i n  h e x a n e ;  t h e s e  m o b ile  p h a se s  w ere  s a t u r a t e d  w ith
e i t h e r  0 .5  M fo rm ic  a c id  o r  1 .0  M a c e t i c  a c id  as a p p r o p r i a t e .  A f t e r
th o ro u g h  d e g a s s i n g , th e  m o b ile  p h a se  was d e l i v e r e d  by  a  d u a l  pump 
g r a d i e n t  g e n e r a to r  (ISC O , m odel 382 D ia lo g r a d ,  w i th  m o d if ie d  colum n 
i n l e t  f i t t i n g s )  a t  a  flo w  r a t e  o f  h .6  ± 0 .1  m l. m in D epend ing
on t h e  c o m p o s i tio n  o f  t h e  m o b ile  p h a s e ,  a  colum n p r e s s u r e  o f  lLO -200 
p . s . i .  was d e v e lo p e d . The m o b ile  p h a se  r e a c h e d  t h e  c h ro m a to g ra p h ic  
colum n v i a  a  p u l s e  dam pening s y s te m , a  s t a t i o n a r y  p h a s e  t r a p  and  a  
p re -c o lu m n . A lth o u g h  v i r t u a l l y  im m is c ib le ,  t h e r e  i s  a lw ay s  some 
m u tu a l s o l u b i l i t y  o f  t h e  m o b ile  and  s t a t i o n a r y  p h a s e s .  To p r e v e n t  th e  
m o b ile  p h a se  g r a d u a l ly  rem ov ing  t h e  s t a t i o n a r y  p h a s e  fro m  t h e  
c h ro m a to g ra p h ic  colum n d u r in g  u s e ,  t h e  p h a se s  w ere  p r e - e q u i l i b r a t e d  
b y  p a s s in g  th e  m o b ile  p h a s e ,  s a t u r a t e d  w i th  s t a t i o n a r y  p h a s e ,  th ro u g h  
a  p re -c o lu m n . F o r  optim um  colum n s t a b i l i t y  and c o n s i s t e n t  sam ple  
r e t e n t i o n  t im e s  , t h e  p re -c o lu m n  and  c h ro m a to g ra p h ic  colum n w ere  
m a in ta in e d  a t  a  c o n s ta n t  te m p e ra tu re  o f  3 0 .0  ± 0 . 0 5 °C by  m eans o f  a  
w a te r  j  a c k e t .
The h ig h  sariij)le c a p a c i ty  o f  t h e  'dblLmih e n a b lë â  i n d i v i d u a l  
com ponents up t o  10 mg. d ry  w e ig h t ,  and  m u ltic o m p o n e n t sa m p le s  up t o  
100 mg. d ry  w e ig h t  t o  b e  c h ro m a to g ra p h e d  w i th o u t  l o s s  o f  r e s o l u t i o n .  
Sam ples (maximum volum e 330 ) w ere  d i s s o lv e d  i n  colum n e l u a t e
( i d e n t i c a l  i n  c o m p o s itio n  t o  t h e  m o b ile  p h a s e ) ,  ta k e n  up i n t o  a  330 y£ 
sam p le  lo o p  and  w ere  in t r o d u c e d  o n to  t h e  c h ro m a to g ra p h ic  colum n th ro u g h
L l
F ig u re  3
The 'p r e p a r a t i v e '  h ig h  p e rfo rm a n c e  l i q u i d  
ch ro m a to g ra p h  w ith  U.V. a b s o rb a n c e  and  
r a d i o a c t i v i t y  m o n i to r s .
(R ep ro d u ced  w ith  k in d  p e r m is s io n .  Reeve 
and  C r o z ie r ,  1 9 T 8 ).
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a  s i x - p o r t  sam p le  v a lv e .  The c h a r a c t e r i s t i c s  o f  a  colum n o f  ' i n f i n i t e -  
d ia m e te r ' w ere  m a in ta in e d  h y  t h e  u s e  o f  a  s p e c i a l l y  c o n s t r u c t e d  colum n 
i n l e t  f i t t i n g  (R eeve e t  a l . , 1976) t o  i n t r o d u c e  r e l a t i v e l y  l a r g e  
sam ple  volum es o n to  t h e  co lum n. T h is  f i t t i n g  c o n f in e d  t h e  sam p le  
t o  th e  colum n c e n t r e ,  hy  a l lo w in g  i t  t o  e n t e r  t h e  colum n b o th  from  
th e  to p  and  from  t h e  s id e  o f  t h e  i n l e t  s im u l ta n e o u s ly ;  i t  was th e n  
k e p t  i n  p o s i t i o n  b y  t h e  e n t r y  o f  t h e  m o b ile  p h a s e  v i a  t h e  same r o u t e .
The c h ro m a to g ra p h ic  c a p a c i ty  o f  t h e  sy s te m  was u t i l i s e d  f u l l y ,
b o th  i n  te rm s  o f  r e s o l u t i o n  and  o f  t h e  r e l a t i v e l y  r a p i d  a n a ly s i s  t im e ,
by  c o n tin u o u s  m o n i to r in g  o f  t h e  colum n e l u a t e .  A l l  e l u a t e  p a s s e d
t h r o u ^  t h e  f lo w  c e l l  o f  a  U.V. m o n ito r  (25^ mm) and a l l  o r  p a r t  was
th e n  d i v e r t e d ,  as a p p r o p r i a t e ,  th ro u g h  t h e  flo w  c a l l  o f  a  r a d i o a c t i v i t y
m o n ito r  (R eeve an d  C r o z ie r ,  1 9 7 7 ) . I n  s t u d i e s  w h ere  r a d i o a c t i v e
compounds w ere  m o n ito re d  b u t  n o t  c o l l e c t e d ,  a l l  t h e  e l u a t e  was m ixed
w ith  s c i n t i l l a t i o n  f l u i d  d e l i v e r e d  from  a  r e s e r v o i r  b y  a  m e te r in g
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pump a t  a  f lo w  r a t e  o f  2 .0  ± 0 .1  m l. m in . The m ix tu re  t h e n  p a s s e d
th ro u g h  a  c o o l in g  b a th  a t  0°C b e f o r e  e n t e r in g  a  s p i r a l  g l a s s  flo w  c e l l  
o f  a  m anual l i q u i d  s c i n t i l l a t i o n  c o u n te r  (L a b o ra to ry  Im p ex , P .O . Box 
i k ,  Tw ickenham , M id d le s e x ) . The s i g n a l s  from  t h e  c o u n te r  w ere  p r o c e s s e d  
by  a  s p e c t r o m e te r / r a t e m e t e r  t o  p ro d u c e  a  c o u n tin g  r a t e  p r o p o r t i o n a l  
t o  th e  c o n c e n t r a t io n  o f  r a d i o i s o t o p e  in  t h e  f lo w  c e l l .  F o r  s o lu t e s  
e l u t i n g  w i th  a  k '  o f  1 . 7 ,  t h e  minimum l e v e l  o f  r a d i o a c t i v i t y  r e s o lv e d  
by th e  m o n i to r ,  was 3 x  10^ d .p .m . f o r  and  1 x  1 0  ^ d .p .m . f o r  
The U.V. a b s o rb a n c e  l e v e l s  and  r a d i o a c t i v i t y  c o u n tin g  r a t e s  w ere  
s im u l ta n e o u s ly  d i s p la y e d  on a  d u a l  c h a n n e l c h a r t  r e c o r d e r  w h ich  a l s o  
i n t e g r a t e d  t h e  r a d i o a c t i v i t y  t r a c e .  C o l l e c t io n  o f  compounds 
fo l lo w in g  p r e p a r a t i v e  HPLC was a id e d ,  f i r s t l y ,  b y  t h e  p r e s e n c e  o f  
an i n t e r n a l  r a d i o a c t i v e  s t a n d a r d ,  and  s e c o n d ly  b y  t h e  u s e  o f  a  s p l i t t i n g  
d e v ic e ,  a f t e r  t h e  U.V. m o n ito r  s t a g e ,  w h ich  d i v e r t e d  a  p r e s e t  p r o p o r t io n  
o f  colum n e l u a t e  f o r  a n a ly s i s  o f  r a d i o a c t i v i t y .  T h is  a llo w e d  m ore 
a c c u r a te  c o l l e c t i o n  o f  p a r t i c u l a r  p e a k s  w i th  a s  few i m p u r i t i e s  as 
p o s s i b l e .  The o r i g i n a l  f lo w  r a t e  o f  t h e  e l u a t e  c o l l e c t e d ,w a s  made up 
w i th  s o lv e n t  c o n s i s t i n g  o f  e q u a l  vo lum es o f  e t h y l  a c e t a t e  and  t o lu e n e .
F o llo w in g  ch ro m a to g ra p h y  o f  an  e x t r a c t  u s in g  a  m o b ile  p h a se  o f  
c o n s ta n t  c o m p o s itio n  ( e . g .  i n  endogenous w ork w h ere  t h e  compound 
p o l a r i t y  ra n g e  o f  i n t e r e s t  was l i m i t e d ) , r e - e q u i l i b r a t i o n  o f  t h e  
colum n was u n n e c e s s a ry  and  a n a ly s e s  c o u ld  b e  p e rfo rm e d  c o n t in u o u s ly
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w ith o u t  colum n d e t e r i o r a t i o n .  I f  a  m o d e ra te  m o b ile  p h a s e  g r a d i e n t  
( e . g .  k0- 60% e t h y l  a c e t a t e  i n  h ex a n e  i n  20 m in u te s )  h a d  b e e n  u s e d  
f o r  t h e  e l u t i o n  o f  a  s a m p le , t h e  colum n was r e g e n e r a t e d  b y  rem ov ing  
t h e  l a s t  p a r t  o f  t h e  s o lv e n t  g r a d i e n t .  T h is  was u s u a l l y  a c h ie v e d  
g r a d u a l ly  ( o v e r  a b o u t 20 m in u te s ) ,b y  r e v e r s in g  t h e  g r a d i e n t  u n t i l  t h e  
o r i g i n a l  s o lv e n t  c o m p o s itio n  h a d  b e e n  r e g a in e d .  A s e v e r e  m o b ile  
p h a se  g r a d i e n t  ( e . g .  50 - 100 % e t h y l  a c e t a t e  i n  h ex a n e  i n  65 m in u te s )  
r e q u i r e d  t h e  rem o v a l o f  t h e  m o b ile  p h a se  e n t i r e l y  (b y  p a s s in g  a  s tr e a m  
o f  n i t r o g e n  th ro u g h  t h e  co lu m n ). The colum n was t h e n  a llo w e d  t o  
r e - e q u i l i b r a t e  f o r  1 5 -2 0  h o u rs  a t  30^0 . T h is  ty p e  o f  g r a d i e n t  was 
u s e d  i n  t h e  r a d i o a c t i v e  t r a c e r  e x p e r im e n ts  f o r  a  b r o a d  s c a n  o f  ea ch  
e x t r a c t , o v e r  a  w ide  p o l a r i t y  r a n g e .
F u r th e r  d e t a i l s  o f  t h e  c h ro m a to g ra p h ic  s y s te m  c a n  b e  fo u n d  i n  
Reeve e t  a l  (1 9 T 6 ).
Sam ple p u r i f i c a t i o n  u s in g  th e  p r e p a r a t i v e  HPLC
( a) H o n - d e r iv a t i s e d  e x t r a c t s
From p r e l im in a r y  ru n s  u s in g  5- % -lA A , a  m o b ile  p h a s e  c o m p o s itio n  
was s e l e c t e d  w h ich  w o u ld  e l u t e  lAA a t  a  s u i t a b l e  k '  v a lu e  (a p p ro x im a te ly  
3 . 0 ) .  R a p id  e l u t i o n  o f  a l l  t h e  com ponents o f  t h e  s a m p le , t o g e t h e r  
w i th  optim um  r e s o l u t i o n  o f  lAA, was a c h ie v e d  w i th  a  g r a d i e n t  o f  k0~60% 
e t h y l  a c e t a t e  i n  h ex an e  c o m p le te d  i n  20 m in u te s .
F o r  each  s a m p le , t h e  a p p r o p r i a t e  f r a c t i o n s  from  GPC w ere  w ashed  
i n t o  a  s m a l l  c o n ic a l  t e s t  tu b e  w i th  e t h e r ,  and  t h i s  was t h e n  rem oved 
i n  a  s tr e a m  o f  o x y g e n - f r e e  n i t r o g e n .  The r e s id u e  was r e d i s s o lv e d  in  
330 y£ colum n e l u a t e ,  t a k e n  up i n t o  t h e  sam p le  lo o p  and  i n j e c t e d  
o n to  t h e  colum n v i a  t h e  sam ple  v a lv e .  The colum n e l u a t e  was c o l l e c t e d  
a t  t h e  p r e d e te r m in e d  e l u t i o n  p o i n t  o f  th e  r a d i o a c t i v e  lAA s t a n d a r d ,  
re d u c e d  t o  d ry n e s s  b y  r o t a r y  e v a p o ra t io n  and  s t o r e d  o v e r  s i l i c a  g e l  
a t  -  l8 °C . I n  l a t e r  e x p e r im e n ts ,  t h e  colum n e l u a t e  was c o l l e c t e d  
m ore p r e c i s e l y  a t  t h e  lAA e l u t i o n  p o i n t ,  u s in g  t h e  s p l i t t i n g  d e v ic e .
An i n t e r n a l  r a d i o a c t i v e  m a rk e r  ( l-^ ^ C -lA A ) was i n c o r p o r a t e d  i n t o  t h e  
t i s s u e  hom ogenate  a t  t h e  b e g in n in g  o f  th e  e x t r a c t i o n  p r o c e d u r e ,  
im m e d ia te ly  a f t e r  b le n d in g  in  aqueous m e th a n o l. S m a ll a l i q u o t s  o f  
e x t r a c t  ( e g . 2%, 6%) w ere  ru n  i n i t i a l l y  w i th o u t  t h e  s p l i t t e r ,  t o  
d e te rm in e  t h e  s i z e  o f  t h e  a l i q u o t  t o  b e  s p l i t  o f f  f o r  a s s a y  o f  r a d i o -
a c t i v i t y  when p u r i f y i n g  t h e  w ho le  e x t r a c t .
A lth o u g h  a  c o n s id e r a b le  p r o p o r t io n  o f  U.V. a b s o rb in g  m a t e r i a l  
was e l im in a te d  from  t h e  r e g io n  o f  i n t e r e s t  i n  a l l  t h e  e x t r a c t s , a  
l a r g e  p r o p o r t io n  re m a in e d  ( F ig u r e  U ) ,  i n d i c a t i n g  t h e  n e c e s s i t y  
f o r  f u r t h e r  p u r i f i c a t i o n  o f  t h e  s a m p le s . T h is  was a c c o m p lis h e d  b y  
m e th y l e s t é r i f i c a t i o n  o f  t h e  colum n e l u a t e  c o l l e c t e d  a t  t h e  lAA 
e l u t i o n  p o i n t ,  f o l lo w e d  by  f u r t h e r  ch ro m a to g rap h y  on p r e p a r a t i v e  
HPLC ( rÊo^ilQW ^'girpay.agraphs ) .
(b ) M eth y l e s t e r i f i e d  e x t r a c t s
The c a rb o x y l  g ro u p  on t h e  s id e  c h a in  o f  t h e  i n d o le  n u c le u s  
can  b e  e s t e r i f i e d  t o  p ro d u c e  a  compound w ith  d i f f e r e n t  r e t e n t i o n  
c h a r a c t e r i s t i c s ,  s o  t h a t  u s in g  t h e  same c h ro m a to g ra p h ic  s y s te m , b u t  
w i th  d i f f e r e n t  m o b ile  p h a se  c o n d i t i o n s ,  a  se c o n d  s e p a r a t i o n  from  
i m p u r i t i e s  can  b e  e f f e c t e d .
M ethy l e s t é r i f i c a t i o n  t o  form  m etier 1 i n d o l e - 3 " a c e t a t e  (lAA-Me) was 
p e rfo rm e d  u s in g  d ia z o m e th a n e . The e f f i c i e n c y  o f  t h r e e  m ethods f o r  
m e th y l e s t é r i f i c a t i o n  w i th  d iaz o m eth a n e  was i n v e s t i g a t e d  as d e s c r ib e d  
b e lo w . The p r o g r e s s  o f  e s t é r i f i c a t i o n  u s in g  5“ ^H-1AA, was fo llo w e d  
w i th  t h e  r a d i o a c t i v i t y  m o n ito r  o f  th e  p r e p a r a t i v e  HPLC.
P r e p a r a t i o n  o f  d ia z o m e th a n e
D iaz ome th a n e  was g e n e r a te d  b y  t h e  a c t i o n  o f  c o n c e n t r a t e d  a l k a l i  
on p - t  o lu e n e - s u lp h o n y l-m e th y  I n i  t r o s  am ide ( Hi t r o s  an -D upon t ■-(U .K . ) L t d . ,  
H i t c h i n ) .  The g e n e r a t i n g  f l a s k  ( 2g n i t r o s a n ,  T-5 ml e th y le n e  g l y c o l ,
5 .0  ml s a t u r a t e d  KOH and  20 ml g e n e r a t in g  s o lv e n t )  was warm ed g e n t ly  
i n  a  b e a k e r  o f  h o t  w a te r  and  d iaz o m eth a n e  d i s t i l l e d  o v e r  i n  th e  
g e n e r a t i n g  s o lv e n t  and  c o n d e n se d  i n  a  r e c e i v e r  f l a s k  (lO  ml g e n e r a t in g  
s o lv e n t )  s u r ro u n d e d  b y  i c e .  The f l a s k  c o n ta in in g  t h e  d iaz o m eth a n e  
s o l u t i o n  was t i g h t l y  s e a l e d ,  and  s t o r e d  i f  n e c e s s a r y  f o r  a  s h o r t  t im e  
a t  - l8 ° C .
M ethy l e s t é r i f i c a t i o n  o f  lAA
The t h r e e  m ethods f o r  t h e  g e n e r a t io n  and  s u b s e q u e n t  r e a c t i o n  o f  
d iaz o m eth a n e  w i th  lAA w ere  as  fo l lo w s  : -
( 1 ) G e n e ra t io n  o f  d ia z o m e th a n e  in  d i e t h y l  e t h e r .  D iazo m eth an e  was 
p r e p a r e d  as d e s c r ib e d  a b o v e , w i th  d i e t h y l  e t h e r  as t h e  g e n e r a t i n g  s o l v e n t .
i+5
F ig u re
P r e p a r a t i v e  h i ^  p e rfo rm a n c e  l i q u i d  chrom atogram s 
show ing  t h e  U.V. a b s o rb a n c e  and  r a d i o a c t i v i t y  o f  
e lu a t e s  o f  5“ ^H“ 1AA and  o f  r o o t  n o d u le ,  n o d u le  
r o o t  (w here  a p p l i c a b l e )  and  r o o t  e x t r a c t s  o f  
A lnus g l u t i n o s a , V ic ia  f a b a  an d  M v ric a  g a l e .
A rrows r e p r e s e n t  t h e  e l u t i o n  p o in t  o f  5- % -lA A , d e te rm in e d  
im m e d ia te ly  b e f o r e  p u r i f i c a t i o n  o f  each  e x t r a c t .  I n f i l l e d  
p e a k s  r e p r e s e n t  t h e  e l u t i o n  p o i n t  o f  t h e  i n t e r n a l  m ark e r  
(1 - l^ C - lA A ).
B ars i n d i c a t e  volum e o f  e l u a t e  c o l l e c t e d  f o r  f u r t h e r  
p u r i f i c a t i o n .
C olum n:- P a r t i s i l  10  o r 020 (4IO  xan^^O mm)
Column t e m p e r a t u r e 3 0 . 0  ± 0 .5 °C
S t a t i o n a r y  p h a s e ; -  0 ,5  M fo rm ic  a c id
M obile  p h a s e g r a d i e n t  o f  h0-60% e t h y l  a c e t a t e  i n
h ex an e  i n  20 m in u te s
Flow r a t e : -  m o b ile  p h a se  U .6 + 0 .1  m l. m in ^
—1s c i n t i l l a n t  2 .0  ± 0 .1  m l. m in
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an d  v a s  ad d ed  ( l  m l) t o  d ry  5~^H-1AA a t  room  t e m p e r a t u r e , t h e  r e a g e n t  
b e in g  rem oved  im m e d ia te ly  a f t e r  m ix in g  v i t h  a  s tr e a m  o f  o x y g e n - f r e e  
n i t r o g e n .  O nly 26/S e s t é r i f i c a t i o n  v a s  a c h ie v e d . E s t é r i f i c a t i o n  v a s  
th e n  p e rfo rm e d  in  s e a l e d  v i a l s  a t  v a r io u s  t e m p e r a tu r e s  and  f o r  v a ry in g  
l e n g th s  o f  t i m e , i n  an a t te m p t  t o  im prove c o n v e rs io n  o f  t h e  f r e e  a c id  
t o  i t s  m e th y l e s t e r .  I n c o n s i s t e n t  r e s u l t s  (up t o  63% c o n v e rs io n )  
v e r e  o b ta in e d .
( 2 ) G e n e ra t io n  o f  d ia z o m e th a n e  in  d ic h lo r o m e th a n e . D u rin g  t e s t s  v i t h  
d iaz o m eth a n e  as g e n e r a t i n g  s o l v e n t ,  i t  v a s  n o t i c e d  t h a t  d e c o m p o s itio n  
o f  r a d i o a c t i v e  lAA b e g a n  im m e d ia te ly  on d i l u t i o n  v i t h  d ic h lo ro m e th a n e  
v h ic h  h a d  b e e n  s t o r e d  i n  t h e  l i g h t ,  and  c o n tin u e d  f o r  up t o  30 m in u te s  
a f t e r  d i l u t i o n  (T a b le  7 )• T here  v a s  no d e t e r i o r a t i o n  o f  r a d i o ­
a c t i v e  lAA d i l u t e d  v i t h  d ic h lo ro m e th a n e  s t o r e d  i n  t h e  d a r k ,  o r  v i t h  
m e th a n o l o v e r  s i m i l a r  p e r i o d s .
T a b le  7
C om parison  o f  t h e  e f f e c t  o f  m e th a n o l , an d  d ic h lo ro m e th a n e  
S to r e d  b o th  i n  th e  d a rk  and  th e  l i g h t , o n  t h e  d e c o m p o s itio n  
o f  5"^H-1AA.
T re a tm e n t
% o f  o r i g i n a l  r a d i o a c t i v i t y  
i n  fo rm  o f  lAA a f t e r  
t r e a tm e n t
5-^H -lA A  + Me OH 100
5 -% -lA A  + CH2C l2 ( l i g h t )  Omin. 7 9 .3
30 m in . 4 0 . 4
5“ ^H-1AA. + CH2C l2 (d a r k )  0 m in . 100
30 m in . 9 9 .3
( 3 ) G e n e ra t io n  o f  d iaz o m eth a n e  i n  d i e t h y l  e t h e r  v i t h  a d d i t i o n  o f  
m e th a n o l t o  t h e  r e a c t i o n  m ix tu r e .  E t h e r e a l  d ia z o m e th a n e  v a s  p r e p a r e d  
as d e s c r ib e d  p r e v i o u s l y ,  b u t  10% m e th a n o l v a s  i n c o r p o r a t e d  i n t o  th e  
r e a c t i o n  m ix tu r e .  M e th an o l i s  th o u g h t  t o  a c t  a s  a  c a t a l y s t  i n  th e  
r e a c t i o n ,  a l th o u g h  e x c e s s  i s  i n h i b i t o r y  g iv in g  a  l o v  r a t e  o f  e s t é r i ­
f i c a t i o n  (20%, S c h le n k  and  G e lle rm a n , I 96O ). The r e a c t i o n  v a s  t e s t e d
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u s in g  s m a l l  a l i q u o t s  of* n o d u le  and  r o o t  e x t r a c t s  o f  A lnus g l u t i n o s a . 
w h ich  h a d  b e e n  c o l l e c t e d  from  t h e  f i r s t  ru n  on p r e p a r a t i v e  HPLC, and  
w h ich  c o n ta in e d  1 -l^ C -lA A  as  i n t e r n a l  m a rk e r . E t h e r e a l  d iaz o m eth a n e  
( l  m l) was a d d e d , t o g e t h e r  w i th  a  d ro p  o f  m e th a n o l ,  t o  e a c h  o f  t h e  
sam p les  i n  s e a l e d  v i a l s ,  a t  room  te m p e r a tu r e .  A f t e r  30 m in u te s ,  no 
b reakdow n  p r o d u c ts  w ere  d e t e c te d  i n  e i t h e r  s a m p le , an d  t h e  o c c u r r e n c e  
o f  a  s i n g l e  p eak  a t  t h e  r e t e n t i o n  t im e  f o r  lAA-Me show ed 100% m e th y l 
e s t é r i f i c a t i o n  o f  lAA. B ecau se  o f  i t s  freedom  from  t h e  p ro b lem s 
e n c o u n te re d  w i th  t h e  o t h e r  p r o c e d u r e s , t h i s  t e c h n iq u e  was a d o p te d  
r o u t i n e l y  f o r  m e th y l e s t é r i f i c a t i o n  o f  sam p le  e x t r a c t s .
M ethy l e s t é r i f i c a t i o n  and  c h ro m a to g ra p h y  o f  sam p le  e x t r a c t s
Sam ples w h ich  h a d  b e e n  p a r t i a l l y  p u r i f i e d  b y  t h e  GPC and 
p r e p a r a t i v e  HPLC p ro c e d u re  a l r e a d y  d e s c r ib e d ,  w ere  t r a n s f e r r e d  t o  a  
' r e a c t i - v i a l *  ( P ie r c e  C hem ica l C o . ,  R o c k fo rd , I l l i n o i s ,  U . S . A . )  
u s in g  a  s m a l l  volum e o f  e t h y l  a c e t a t e ,  w h ich  was th e n  rem oved w i th  a 
s tr e a m  o f  o x y g e n - f r e e  n i t r o g e n .  The e t h e r e a l  d ia z o m e th a n e  s o lu t i o n  
(1  m l) was a d d e d , t o g e t h e r  w i th  a  d rp p  o f  m e th a n o l,  t o  each  sam ple  
w h ich  was s t o r e d  o v e rn ig h t  a t  - l 8 ° C ,  a f t e r  w h ich  t h e  e x c e s s  r e a g e n t  
was rem oved i n  a  s tr e a m  o f  o x y g e n - f r e e  n i t r o g e n .
P r i o r  t o  re -c h ro m a to g ra p h y  o f  t h e  m e th y l e s t e r i f i e d  sam p les  on 
p r e p a r a t i v e  HPLC, m e th y l e s t e r i f i e d  9 " ^H-IAA was u s e d  t o  d e te rm in e  .a 
s u i t a b l e  m o b ile  p h a s e  c o m p o s i tio n  w h ich  w ou ld  e l u t e  t h e  e s t e r  w i th  a  
k '  v a lu e  o f  a b o u t 1 . 5 .  T h is  was a c h ie v e d  w i th  30^ e t h y l  a c e t a t e  i n  
h e x a n e . Use o f  t h e  s ta n d a r d  a l s o  a llo w e d  th e  e l u t i o n  p o i n t  o f  t h e  
lAA m e th y l e s t e r  t o  b e  d e te rm in e d  p r e c i s e l y .  The m e th y l e s t e r i f i e d  
s a m p le , s t o r e d  i n  a  ’ r e  a c t  i - v i a l w a s  r e d i s s o lv e d  i n  33(33p&. colum n 
e l u a t e ,  ta k e n  up i n t o  t h e  sam ple  lo o p  and  i n j e c t e d  onto : t h e  colum n 
as b e f o r e ,  th ro u g h  t h e  sam p le  v a lv e .  E lu a te  was c o l l e c t e d ,  a t  t h e  
lAA-Me e l u t i o n  p o i n t ,  i n  a  50 m l ro u n d -b o tto m e d  f l a s k ,  and  a f t e r  
r e d u c t io n  t o  d r y n e s s , t h e  sam p le  was w ashed  once w i th  e t h y l  a c e t a t e  and  
t r a n s f e r r e d  t o  a  ' r e a c t i - v i a l ' . The e th y l  a c e t a t e  was rem oved by  
a  s tr e a m  o f  o x y g e n - f r e e  n i t r o g e n  and  t h e  sam ple s t o r e d  o v e r  s i l i c a  
g e l  a t  - l8 ° C .
The U.V. a b s o rb a n c e  o f  t h e s e  HPLC e l u a t e s  show ed f u r t h e r  
c o n s id e r a b le  s e p a r a t i o n  o f  U.V. a b s o rb in g  m a t e r i a l  from  t h e  lAA-Me 
r e g io n  ( F ig u r e  5 ) ,  e s p e c i a l l y  in  e x t r a c t s  from  A lnus and  V i c i a .
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F ig u re  5
P r e p a r a t i v e  h i ^  p e rfo rm a n c e  l i q u i d  chrom atogram s 
show ing  t h e  U.V. a b s o rb a n c e  and  r a d i o a c t i v i t y  o f. 
e l u a t e s  o f  m e th y la te d  5“ ^H-1AA and  o f  m e th y la te d  
r o o t  n o d u le ,  n o d u le  r o o t  (w here  a p p l i c a b l e )  and  
r o o t  e x t r a c t s  o f  A lnus g l u t i n o s a .  V ic ia  f a b a  and  
M y rica  g a l e .
Arrows r e p r e s e n t  t h e  e l u t i o n  p o in t  o f  m e th y la te d  5~^H-1AA, 
d e te rm in e d  im m e d ia te ly  b e f o r e  p u r i f i c a t i o n  o f  e a ch  e x t r a c t .
I n f i l l e d  p e a k s  r e p r e s e n t  t h e  e l u t i o n  p o in t  o f  t h e  m e th y la te d
i n t  e r n a l  m ark e r  ( 1 -  ^^  C-IAA) .
B ars  i n d i c a t e  volum e o f  e l u a t e  c o l l e c t e d  f o r  f u r t h e r  
p u r i f i c a t i o n .
C olum n:- P a r t i s i l  10 8K)20 %10 :«m450 mm)
Column t e m p e r a tu r e : -  3 0 .0  ± 0 .5 °C
S t a t i o n a i y  p h a s e : -  0 .5  M fo rm ic  a c id
M ob ile  p h a s e : -  30% e t h y l  a c e t a t e  i n  h ex a n e
Flow r a t e : -  m o b ile  p h a se  4 .6  ± 0 .1  m l. m in ^
—1s c i n t i l l a n t  2 .0  ± 0 ,1  m l. m in
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However j a  l a r g e  p eak  re m a in e d  in  n o d u le  and  r o o t  e x t r a c t s  o f  M y ric a . 
F u r th e r  s e p a r a t i o n  o f  lAâ-M e from  t h e  re m a in in g  i m p u r i t i e s  , and  
q u a n t i f i c a t i o n  o f  t h e  s m a l l  am ounts o f  endogenous lA A , w as a c h ie v e d  
h y  c h ro m a to g ra p h y  o f  t h e  lAA-Me r e g io n  e lu a t e s  h y  a n a l y t i c a l  HPLC 
( n e x t  S e c t i o n ) .
2 . 4 A n a l y t i c a l  h ig h  p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h y  ( a n a l y t i c a l  HPLC) 
I n t r o d u c t i o n
The u se  o f  t h e  d i f f e r e n t  s e p a r a t i o n  t e c h n iq u e s  d e s c r ib e d  a h o v e , 
n a m e ly 5 PVP a d s o r p t io n ,  s o lv e n t  p a r t i t i o n ,  g e l  p e rm e a t io n  c h ro m a to g ra p h y  
and s i l i c a  g e l  p a r t i t i o n  ch ro m a to g ra p h y  on h o th  t h e  f r e e  c a r h o x y l ic  
a c id  fo rm  o f  t h e  e x t r a c t  an d  a  d e r i v a t i v e  (m e th y l e s t e r )  , fo rm ed  th e  
h a s i s  o f  t h e  p u r i f i c a t i o n  p r o c e d u re  f o r  a n a ly s i s  o f  lAA in  n o d u la te d  
r o o t s .  A d d i t io n a l  p u r i f i c a t i o n  and  p r e l im in a r y  q u a n t i f i c a t i o n  o f  
horm one l e v e l s  was a c h ie v e d  h y  s i l i c a  g e l  a d s o r p t io n  c h ro m a to g ra p h y  i n  
an HPLC sy s te m .
C o n v e n t io n a l ,  c o m m e rc ia lly  a v a i l a b l e  a n a l y t i c a l  HPLC a p p a ra tu s  
n o rm a lly  i n c o r p o r a t e  n a rro w  b o r e  colum ns o f  2“ 5 mm d ia m e te r .  T h e ir  
sam p le  c a p a c i ty  i s  l i m i t e d ,  u s u a l l y  r e a c h in g  a  maximum o f  500 y g .
I f  t h e s e  colum ns a r e  u se d  f o r  t h e  a n a ly s i s  o f  s e m i - p u r i f i e d  p l a n t  
e x t r a c t s , r e s o l u t i o n  o f  compounds o f  i n t e r e s t  from  a  h ig h  b a c k g ro u n d  
o f  i m p u r i t i e s  i s  v e ry  d i f f i c u l t ,  h u t  th e y  can  h e  u se d  s u c c e s s f u l l y  
f o r  t h e  a n a ly s i s  o f  compounds o f  a d e q u a te  p u r i t y ,  su ch  a s  th o s e  w h ich  
have  b e e n  s u b je c t e d  t o  p r e p a r a t i v e  HPLC.
L i q u i d - s o l i d  ( a d s o r p t io n )  c h ro m a to g ra p h y  (LSC) u s in g  s i l i c a  g e l  
as a  s u p p o r t ,  i s  v e ry  much a k in  t o  t h i n - l a y e r  c h ro m a to g ra p h y  a lth o u g h  
i t  o f f e r s  many im provem en ts o v e r  t h a t  t e c h n iq u e .  I t  c an  h e  u se d  f o r  
sam p les  o f  i n te r m e d ia t e  m o le c u la r  w e ig h t ( l e s s  th a n  1 ,0 0 0 )  and  th o s e  
sam p les  w h ich  can  h e  s e p a r a te d  hy  TLC can  a l s o  h e  s e p a r a t e d  h y  LSC,
M ost ty p e s  o f  compounds f a l l  i n t o  t h i s  c a te g o r y , r a n g in g  from  n o n - p o la r  
h y d ro c a rb o n s  t o  f a i r l y  p o l a r ,  w a t e r - s o lu b l e  com pounds. H igh  m o le c u la r  
w e ig h t sa m p les  o r  i o n i c  l ip o p h o h ic  compounds a r e  n o t  so  s u c c e s s f u l l y  
s e p a r a te d  (S n y d e r , 197lt)=).
S i l i c a  i s  a  p o l a r  a d s o rb e n t  and  t h e  m ain  f a c t o r  i n  d e te rm in in g  
t h e  r e l a t i v e  a d s o r p t io n  o f  a  compound ( i . e .  i t s  k ’ v a lu e )  i s  t h e  
n a tu r e  o f  t h e  f u n c t i o n a l  g ro u p s  i t  p o s s e s s e s .  R e l a t i v e  a d s o r p t io n
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i n c r e a s e s  a s  t h e  p o l a r i t y  an d  num ber o f  t h e s e  f u n c t i o n a l  g ro u p s  i n c r e a s e .  
L S C  shows no s e l e c t i v i t y  b e tw e en  d i f f e r e n t  a l k y l  g ro u p  s u b s t i t u t i o n ,  
i . e .  b e tw e e n  h o m o lo g u e s , b u t  does show h ig h e r  s e l e c t i v i t y  among c e r t a i n  
iso m e r  t y p e s ,  com pared  t o  o t h e r  l i q u i d  c h ro m a to g ra p h ic  m e th o d s . T here  
a r e  tw o s p e c i a l  c h a r a c t e r i s t i c s  o f  a d s o r p t io n  from  s o l u t i o n  w h ich  c o n f e r  
on L S C i t s  u n iq u e  r e t e n t i o n  and  s e l e c t i v i t y  q u a l i t i e s .  F i r s t l y ,  t h e r e  
i s  c o m p e t i t io n  b e tw e e n  sam p le  an d  s o lv e n t  (m o b ile  p h a s e )  m o le c u le s  f o r  
a  p la c e  on t h e  a d s o rb e n t  s u r f a c e ,  and  s e c o n d ly  t h e r e  a r e  m u l t ip l e  
i n t e r a c t i o n s  b e tw e en  f u n c t i o n a l  g ro u p s  on th e  sam p le  m o le c u le  and  
c o r r e s p o n d in g ,  b u t  f i r m ly  f i x e d  s i t e s  on t h e  a d s o rb e n t  s u r f a c e .  S i l i c a  
i s  p a r t i c u l a r l y  u s e f u l  i n  a d s o r p t io n  c h ro m a to g ra p h y  f o r  a  num ber o f  
r e a s o n s .  I t  i s  w id e ly  a v a i l a b l e  i n  a  v a r i e t y  o f  p a r t i c l e  s i z e s  and 
s h a p e s ,  h a s  a  h ig h  l i n e a r  c a p a c i ty  ( i . e .  t h e  sam p le  r e t e n t i o n  volum es 
re m a in  c o n s ta n t  f o r  l a r g e  c h a n g es  i n  sam ple  s i z e )  an d  p ro d u c e s  h ig h ly  
e f f i c i e n t  c o lu m n s , t h e  l e v e l  o f  e f f i c i e n c y  d e p e n d in g  on p a r t i c l e  s i z e  
and  g e o m e try .
The w a te r  c o n te n t  o f  t h e  a d s o rb e n t  p la y s  a  c r i t i c a l  r o l e  i n  L S C; 
i t  i n c r e a s e s  t h e  l i n e a r  c a p a c i ty  o f  t h e  s i l i c a  an d  a l s o  colum n 
e f f i c i e n c y .  I t s  p r e s e n c e  d e c re a s e s  a d s o r b e n t - c a ta l y s e d  sam ple  r e a c t i o n s  
and  a l s o  d e c re a s e s  i r r e v e r s i b l e  sam p le  a d s o r p t io n ,  a l lo w in g  g r e a t e r  
r e c o v e ry  o f  sam p le  co m p o n en ts . R e l a t i v e  k ' v a lu e s  a r e  s t r o n g l y  a f f e c t e d  
by  th e  w a te r  c o n te n t  o f  t h e  a d s o r b e n t ,  w h ich  m ust b e  k e p t  c o n s ta n t  f o r  
r e p r o d u c ib l e  c h ro m a to g ra p h y . Changes i n  colum n te m p e r a tu r e  h av e  o n ly  
a  s m a l l  e f f e c t  on k '  v a lu e s ;  f o r  e v e ry  r i s e  i n  t e m p e r a tu r e ,  k ' v a lu e s  
d e c re a s e  b y  a b o u t ±%.
C h ro m ato g rap h ic  s t r e n g t h  o f  a  s o lv e n t  in  a d s o r p t io n  ch ro m a to g ra p h y  
i s  d e s c r ib e d  by  t h e  p a ra m e te r  (S n y d e r ,  1 9 6 8 ) as o p p o sed  t o  <5 
( s o l u b i l i t y  p a ra m e te r )  i n  p a r t i t i o n  c h ro m a to g ra p h y .
T a b le  8
S o lv e n t  s t r e n g t h  ( f o r  a d s o r p t io n  c h ro m a to g ra p h y  on 
a lu m in a )  o f  t h e  s o lv e n t s  u s e d  h e r e  i n  a n a l y t i c a l  HPLC 
(S n y d e r ,  1 9 7 1 a ) .
S o lv e n t  F °
D im e th y ls u lp h o x id e  0 .6  S t ro n g  s o lv e n t
A c e t o n i t r i l e  0 , 6 5
T e tr a h y d ro f u r a n  0 . 4 5
D ic h lo ro m e th a n e  0 . 4 2  V
Hexane 0 .0 1  Weak s o lv e n t
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R e la t iv e  s o lv e n t  s t r e n g t h  changes v e ry  l i t t l e  from  one a d s o rb e n t  t o  
a n o th e r .
E l u t i o n  o f  a  sam p le  w ith  optim um  k '  v a lu e s  f o r  t h e  com pound(s) o f  
i n t e r e s t ,  r e q u i r e s  a  m o b ile  p h a se  s o lv e n t  o f  s u i t a b l e  s t r e n g t h ,  t h e  
c h o ic e  o f  w h ich  i s  a id e d  b y  r e f e r e n c e  t o  t h e i r  E ° v a lu e s  ( e . g .  T a b le  8) 
I f  k ’ v a lu e s  a r e  i n i t i a l l y  to o  s m a l l ,  t h e  s o lv e n t  i s  to o  s t r o n g ,  and 
a n o th e r  w i th  a  lo w e r  E ° i s  s u b s t i t u t e d .  M o b ile  p h a se  s o lv e n t  s t r e n g t h  
can  b e  a d ju s t e d  f u r t h e r  b y  m ix in g  tw o s o lv e n t s  i n  v a r io u s  p r o p o r t i o n s .  
Im proved  s e p a r a t i o n  o f  p a r t i c u l a r  com pounds, once a  m o b ile  p h a se  o f  
s u i t a b l e  s t r e n g t h  h a s  b e e n  o b ta in e d ,  can  b e  a c h ie v e d  b y  v a r y in g  t h e  
c o m p o s itio n  o f  t h e  m o b ile  p h a s e  w h i l s t  i t s  s o lv e n t  s t r e n g t h  i s  h e ld  
a p p ro x im a te ly  c o n s t a n t .  The m o b ile  p h a se  s o l v e n t ( s )  a r e  u s u a l l y  o f  
r e l a t i v e l y  low  s t r e n g t h  to w a rd s  t h e  compounds b e in g  c h ro m a to g ra p h e d .
A much s t r o n g e r  s o lv e n t  can  b e  added  t o  t h e  m o b ile  p h a se  t o  o b ta in  
t h e  s e l e c t i v i t y  r e q u i r e d .  T h is  s t r o n g  s o lv e n t  ( m o d i f i e r )  te n d s  t o  
c o n c e n t r a te  i n t o  t h e  a d s o rb e d  p h a se  w here  i t  i n t e r a c t s  s l i g h t l y  w i th  
th e  a d s o r p t io n  s i t e s  on t h e  s i l i c a  s u r f a c e ,  t h e r e b y  a l t e r i n g  i n t e r ­
a c t io n s  w i th  t h e  s o l u t e s  o f  t h e  sam ple  e x t r a c t .  F o r a  g iv e n  m o b ile  
p h a s e ,  d i f f e r e n t  m o d if ie r s  can  p r o v id e  a  ra n g e  o f  s e l e c t i v i t i e s  to w a rd s  
t h e  sam p le  co m p o n en ts . To m a in ta in  optim um  s e l e c t i v i t y ,  n o t  m ore th a n  
lOfp o f  t h e  m o b ile  p h a se  s h o u ld  b e  com posed o f  m o d i f i e r .
C h ro m ato g rap h ic  sy s te m
The s y s te m  u s e d  was a  c o n v e n t io n a l  a n a l y t i c a l  h ig h -p e r fo rm a n c e
l i q u i d  c h ro m a to g ra p h , i l l u s t r a t e d  i n  F ig u re  6 . I t  c o m p rise d  a
c o n s ta n t  p r e s s u r e  pump w h ich  d e l i v e r e d  t h e  m o b ile  p h a s e  t o  a  colum n
( 4 . 6  X 500 mm) p re p a c k e d  w ith  10 ym s i l i c a  g e l  p a r t i c l e s  ( P a r t i s i l  1 0 ) .
—1A flo w  r a t e  o f  1 .5  m l.m in  was a c h ie v e d  u s in g  a  p r e s s u r e  o f  
a p p ro x im a te ly  600 p . s . i .  The colum n e l u a t e  p a s s e d  th ro u g h  a  U.V.  
m o n ito r  (254 mm) f i t t e d  w i th  a  10 y& flo w  c e l l .  S am ples up t o  
10 y£ i n  v o lu m e , w e re  d i s s o l v e d  i n  colum n e l u a t e  an d  i n j e c t e d  d i r e c t l y  
o n to  t h e  co lum n , b y  i n t e r r u p t i n g  t h e  f lo w  o f  s o lv e n t  f o r  a  s h o r t  t im e .  
The m o b ile  p h a se  was h a l f  s a t u r a t e d  w ith  w a te r  a n d  th o r o u g h ly  d e g a ss e d  
b e f o r e  u se  t o  p r e v e n t  b u b b le  f o rm a tio n  in  t h e  e l u a t e .
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F ig u re  6
The a n a l y t i c a l  h ig h  p e rfo rm a n c e  l i q u i d  ch ro m a to g ra p h
(A d ap ted  w i th  k in d  p e r m is s io n ,  from  Reeve and  C r o z ie r ,  1978)
Fil ter
P u m pS o l v e n t
r e s e r v o i r
■ Injection 
h e a d
C o lu m n
F l o w  cel l
UV m o n i t o r
C h a r t
r e c o r d e r
Co l lec t
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S e l e c t io n  o f  m o b ile  p h a s e s  f o r  p u r i f i c a t i o n  o f  sam p le  e x t r a c t s
The f o l lo w in g  p ro c e d u re  was a d o p te d  t o  d e v is e  s u i t a b l e  m o b ile  
p h a se s  f o r  t h e  p u r i f i c a t i o n  o f  lAA in  sam ple  e x t r a c t s .  F i r s t l y ,  a  
weak c a r r i e r  s o lv e n t  was s e l e c t e d  w h ich  gave s u i t a b l e  r e t e n t i o n  v a lu e s  
f o r  lAA. S e c o n d ly , m o d if ie r s  w ere  added  t o  t h i s  c a r r i e r  s o lv e n t  
sy s te m  t o  s e p a r a t e  lAA from  im p u r i t i e s  i n  each  o f  t h e  d i f f e r e n t  p l a n t  
e x t r a c t s .
The c o m p o s itio n  o f  t h e  weak c a r r i e r  s o lv e n t  was d e te rm in e d  u s in g  
' c o l d '  lAA, m e th y l e s t e r i f i e d  as d e s c r ib e d  p r e v io u s ly  ( S e c t io n  2 . 3 )  
and th e n  p u r i f i e d  b y  p r e p a r a t i v e  HPLC, The r e t e n t i o n  on th e  s i l i c a  
a d s o r p t io n  colum n o f  lAA-Me, was m o n ito re d  by  th e  U.V.  a b so rb a n c e  
m o n ito r  o f  t h e  a n a l y t i c a l  HPLC sind s o lv e n t  c o m p o s itio n  was a l t e r e d  
a c c o r d in g ly .  The s o lv e n t  ch o sen  as c a r r i e r  was d ic h lo ro m e th a n e  w h ich  
was d i l u t e d  i n i t i a l l y  w i th  e q u a l  volum es o f  h ex an e  t o  o b t a in  a  m o b ile  
p h a se  o f  t h e  a p p r o p r i a t e  s t r e n g t h .  The k ' v a lu e  o b ta in e d  f o r  lAA-Me 
w i th  t h i s  s o lv e n t  was to o  h ig h  and  was lo w e re d , n o t  by  m a n ip u la t io n  
o f  t h e  r a t i o  o f  t h e  tw o weak s o lv e n t s  o f  t h e  m o b ile  p h a s e  (w hich  w ould  
h a v e  r e q u i r e d  ch an g es  o f  a t  l e a s t  25^ r e l a t i v e  t o  e a ch  o th e r )  , b u t  by  
th e  a d d i t io n  o f  a  s t r o n g e r  s o lv e n t .  A change o f  o n ly  0.1% i n  th e  
c o n c e n t r a t io n  o f  t h e  m o d i f ie r  a l t e r e d  th e  k ' v a lu e  o f  lAA-Me. The 
f i r s t  m o d i f ie r  u s e d  was d im e th y ls u lp h o x id e  w h ich  h a s  a  much h ig h e r  
E° v a lu e  th a n  th e  d ic h lo ro m e th a n e /h e x a n e  c a r r i e r  (d ic h lo ro m e th a n e :  
p e n ta n e  ( 5 0 : 5 0 ) ,  h a s  an v a lu e  o f  0 . 2 5 ,  S n y d e r , 197113). A s u i t a b l e  
k ' v a lu e  f o r  lAA-Me (T a b le  9 ) was o b ta in e d  w i th  1% d im e th y ls  u lp h  o x id e
i n  d ic h lo r o m e th a n e :h ex an e  ( 5 0 : 5 0 ) .
I n  o r d e r  t o  p r o v id e  f l e x i b i l i t y  i n  p u r i f i c a t i o n  o f  t h e  d i f f e r e n t  
p l a n t  e x t r a c t s ,  a  se c o n d  s o lv e n t  sy s te m  o f  d i f f e r i n g  s e l e c t i v i t y  was 
d e v is e d . T e t r a h y d ro f u r a n  was ch o sen  as t h e  se c o n d  m o d i f ie r  and  was 
u s e d  a t  d i f f e r e n t  c o n c e n t r a t i o n s ,  f i r s t  in  d ic h lo ro m e th a n e  a lo n e ,  and  
th e n  w ith  d ic h lo ro m e th a n e  d i l u t e d  i n  h e x a n e , u n t i l  a  s u i t a b l e  k ' v a lu e  
f o r  lAA-Me was o b ta in e d  (T a b le  9 ) .
The two m o b ile  p h a se  c o m p o s itio n s  d e v e lo p e d  u s in g  t h e  m o d ify in g  
s o l v e n t s ,  d im e th y ls u lp h o x id e  and  t e t r a h y d r o f u r a n  w e r e : -
(1 ) 1% d im e th y ls u lp h o x ide i n  d ic h lo r o m e th a n e :h ex an e  ( 5 0 : 5 0 )
(2 ) 1% t e t r a h y d r o f u r a n  in  d ic h lo r o m e th a n e :h exane  ( 7 5 : 2 5 )
T able 9
lAA-Me c h ro m a to g ra p h e d  on a n a l y t i c a l  HPLC. R e te n t io n  
( k ’ v a lu e s )  w i th  m o b ile  p h a s e s  o f  d i f f e r e n t  c o m p o s itio n .
5^
M o b ile  p h a se k* lAA-Me
# 1% DMSO 50% CH2C l2 / 50% h e x a n e 2 .3 2.6
5% THF
2 . 5 #
1% 
*  1%
CH2CI2
75# CH2 C]g/25% h ex an e
0 . 5 3
0 .6 7
0 .7 2
0 .8 1
1 .3 '
2 . 1
-  0 .7 8
-  0 .8 3
-  2 .4
( i )  A l l  t h e  m o b ile  p h a se s  w ere  50% s a t u r a t e d  w ith  w a te r
( i i )  ^ The tw o m o b ile  p h a s e s  u s e d  f o r  p u r i f i c a t i o n  o f  e x t r a c t s .
( i i i )  T h e re  was a  s m a l l  v a r i a t i o n  i n  k ' v a lu e s  o f  lAA-Me i n  any 
p a r t i c u l a r  m o b ile  p h a se  w i th  t im e ,  b u t  r u n - t o - r u n  v a r i a t i o n  
was e x tr e m e ly  s m a l l .
C hrom atog raphy  o f  sa m p le s  w i th  a n a l y t i c a l  HPLC.
Endogenous lAA l e v e l s  i n  sam p le  e x t r a c t s ,  p u r i f i e d  f u r t h e r  b y  
a n a l y t i c a l  HPLC, w ere  e s t im a te d  from  U.V. a b s o rb a n c e  o f  e l u a t e s  
( lo w e r  l i m i t  o f  d e t e c t i o n  a t  254 nm 5OC ng lAA-M e). C a l ib r a t i o n  c u rv e s  
f o r  U.V. a b s o rb a n c e  o f  t h e  lAA-Me i n  t h e  two m o b ile  p h a se  sy s te m s  
a r e  shown i n  F ig u re  7
S m all a l i q u o t s  (l-2%  and  th e n  10%) o f  t h e  e x t r a c t s  w ere  
c h ro m a to g ra p h e d  i n i t i a l l y ,  u s in g  one o f  t h e  above m o b ile  p h a s e s .  I f  
th e  U.V.  a b s o rb a n c e  o f  t h e  e l u a t e  showed t h e  lAA-Me r e g io n  t o  b e  c l e a r  
o f  i m p u r i t y , t h e  r e m a in d e r  o f  t h e  e x t r a c t  was c h ro m a to g ra p h e d  and  t h e
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f ig u r e  _.T
C a l ib r a t i o n  c u rv e  o f  U.V. d e t e c t o r  r e s p o n s e  a t  254 nm 
t o  lAA-Me c h ro m a to g ra p h ed  s e p a r a t e l y  on an  a n a l y t i c a l  
h i ^ i  p e rfo rm a n c e  l i q u i d  ch ro m a to g rap h  u s in g  tw o m o b ile  
p h a s e s  o f  d i f f e r e n t  c o m p o s i t io n .
n  m o b ile  p h a se  com posed o f  1% d im e th y l - s  u lp h  o x id e  
i n  d ic h lo ro m e th a n e :  h ex an e  ( 5 0 : 5 0 ) .
~ X m o b ile  p h a se  com posed o f  1% t e t r a h y d r o f u r a n  in  
d ic h lo r o m e th a n e :h ex an e  ( 7 5 : 2 5 ) .
C olum n:- P à r t a s d . ; ^ Û 1 0 m ( i i 4 . 6  x  500 mm.) 
Column t e m p e r a t u r e : -  am b ien t 
M obile  p h a se  f lo w  r a t e : -  1 .5  m l. m in
-1lAA-Me s ta n d a r d s  : -  10 n^g l A A - M e . m e t h a n o l
5  y g  "
30i
o
X
CNJ
E
£
<
UJcr |jg l AA-Me
<
1.61LU
ÛL
1000
ng lAA-Me
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e l u a t e  i n  t h e  r e g io n  o f  lAA“ Me c o l l e c t e d .  S ta n d a rd s  o f  lAA-Me w ere  
ru n  b e f o r e  and  a f t e r  e a c h  p u r i f i c a t i o n  r u n ,  t o  a l lo w  a c c u r a te  c o l l e c t i o n  
o f  t h e  lAA-Me r e g io n .  From t h e  c a l i b r a t i o n  c u rv e  a n d  U.V.  a b s o rb a n c e  
o f  e l u a t e ,  t h e  l e v e l s  o f 'p r e s u m p t iv e  lAA-Me in  each  e x t r a c t  w ere 
e s t im a te d .  I n  l a t e r  w o rk , r a d i o a c t i v e  lAA was a d d ed  t o  t h e  e x t r a c t s  
a t  t h e  b e g in n in g  o f  t h e  e x t r a c t i o n  p r o c e d u r e ,  as  an i n t e r n a l  s t a n d a r d ,  
and  r e c o v e r y  o f  lAA was e s t im a te d  by  c o u n tin g  o f  a n  a l i q u o t  o f  t h e  
p re s u m p tiv e  lAA-Me p e a k .
The m o b ile  p h a se  c o n ta in in g  ±% d im e th y ls u lp h o x ide as  m o d i f i e r ,  
was fo u n d  t o  b e  m ost s u i t e d  f o r  t h e  p u r i f i c a t i o n  o f  V ic ia  f a b a  n o d u le  
and  r o o t  e x t r a c t s  (F ig u r e  8 ) and  t h e  m o b ile  p h a s e  c o n ta in in g  \%
t e t r a h y d r o f u r a n  as m o d i f i e r ,  t o  b e  s u i t a b l e  f o r  t h e  p u r i f i c a t i o n  o f  
A inus g l u t i n o s a  n o d u le  and  r o o t  e x t r a c t s  (F ig u re  8 ) .  I n  M y rica  g a le
r o o t  e x t r a c t s ,  i t  was fo u n d  t h a t  w i th  b o th  m o b ile  p h a s e s ,  t h e  lAA-Me 
r e g io n  e i t h e r  j u s t  p ro c e e d e d , o r  was on t h e  t a i l  o f ,  a  l a r g e  im p u r i ty  
p e a k .
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F ig u re  8
A n a l y t i c a l  h i ^  p e rfo rm a n c e  l i q u i d  chrom atogram s 
show ing  t h e  U.V. a b so rb a n c e  and  r a d i o a c t i v i t y  o f  
e lu a t e s  o f  m e th y la te d  lAA and  o f  m e th y la te d  r o o t  
n o d u le  and  r o o t  e x t r a c t s  o f  A lnus g l u t i n o s a  and  
V ic ia  fa b  a .
A lnus g l u t i n o s a .  E x t r a c t s  c h ro m a to g ra p h ed  u s in g  a  m o b ile  
p h a se  o f  c o m p o s i t i o n 1^ d im e th y ls u lp h o x id e  i n  
d ic h lo r o m e th a n e ;h ex an e  ( 5 0 : 5 0 )»
V ic ia  fab  a . E x t r a c t s  c h ro m a to g ra p h ed  u s in g  a  m o b ile  
p h a se  o f  c o m p o s i t io n :-  t e t r a h y d r o f u r a n  i n  
d ic h lo r o m e th a n e :h ex an e  ( 7 5 :2 5 ) .
Arrows r e p r e s e n t  t h e  e l u t i o n  p o in t  o f  m e th y la te d  lAA
d e te rm in e d  im m e d ia te ly  b e f o r e  p u r i f i c a t i o n  o f  each
e x t r a c t .
B ars  i n d i c a t e  volum e o f  e l u a t e  c o l l e c t e d .
C olum n:- F a r t i s i f l l 'l© ' ( 4 .6  x  500 mm.)
Column t e m p e r a t u r e : -  am b ien t
“ 1M obile  p h a se  f lo w  r a t e : -  1 .5  m l. m in  ,
•<r
L f)OJ
<
lAA-Me
Alnus glutinosQ
nodules roots
0 25 0 25
RETENTION TIME (MIN)
< r
L D
CN)
<
lAA-Me
Vicia faba
nodules roots
0 0 25
RETENTION TIME (MIN)
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2 .5  Sunmiary o f  p u r i f i c a t i o n  p ro c e d u re s  d e v e lo p e d  f o r  t h e  e x t r a c t i o n  
o f  endogenous lAA. from  A lnus g l u t  in  os a  and  V ic ia  f a b a  r o o t  
n o d u le s  and  r o o t s .
T is s u e  hom o g en ised  a t  h ig h  s p e e d  (30  s e c )  i n  80^ 
aqueous m e th a n o l
1 -1^C “ 1 M  added
E x t r a c t  l 6  h o u rs  a t  (d a rk )
B uchner f i l t r a t i o n
R educe volum e aqueous phase
S l u r i y  -with PVP i n  0 .1  MKg HPO^ a t  pH8
F i l t e r
P a r t i t i o n  3 t im e s  a g a in s t  f r e s h l y  r e d i s t i l l e d  d i e t h y l  
e t h e r  a t  pH3.
GPC
( a )  C o l l e c t  450-650  m l. i n  10 m l. f r a c t i o n s
(h )  Take 50%& a l i q u o t s  f o r  c o u n tin g
(c )  B u lk  530-590  m l ( o r  a c c o rd in g  t o  i n t e r n a l  m a rk e r)
( c o n t d . )
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( c o n t d . )
P r e p a r a t i v e  HPLC
(a )  Run e x t r a c t  as f r e e  a c id  i n  40-60% e th y l  a c e t a t e  i n  h ex an e  in
20 m in u te s
( i ) ru n  a l i q u o t  ( e . g .  2 ^ , 6^)
( i i )  ru n  r e s t ,  s p l i t t i n g  o f f  a l i q u o t  t o  m o n ito r ,  and  
c o l l e c t  r e l e v a n t  p o r t i o n  o f  e l u a t e ,
(h ) Me t h y l a t e  e x t r a c t .
Run as m e th y l e s t e r  i n  30% e t h y l  a c e t a t e  i n  h e x a n e
( i )  ru n  a l i q u o t  ( e . g .  2%, 6%)
( i i )  ru n  r e s t ,  s p l i t t i n g  o f f  a l i q u o t  t o  m o n i to r ,  and  
c o l l e c t  r e l e v a n t  p o r t i o n  o f  e l u a t e .
A n a l y t i c a l  HPLC
(a )  ( i )  Run s t a n d a r d  lAA-Me u s in g  m o b ile  p h a se  A -  A lnus g l u t  i n  os a
B -  V ic ia  f a b a
( i i )  ru n  a l i q u o t  o f  e x t r a c t  as a  check
( i i i )  ru n  s t a n d a r d  lAA-Me
( iv )  ru n  r e s t  o f  e x t r a c t  and  c o l l e c t  r e l e v a n t  p o r t i o n  o f  e lu a t e  .
(b )  M easure p e a k  on U.V. a b so rb a n c e  t r a c e  a t  lAA-Me e l u t i o n  p o i n t
(c )  Take a l i q u o t  o f  c o l l e c t e d  p e a k , c o u n t and  e s t im a te  r e c o v e r y .
(d ) S to r e  sam p le  o v e r  s i l i c a  g e l  a t  - l8 ° C .
N .B . A -  1% d im e th y ls  u lp h o x i  de i n  d ic h lo ro m e th a n e  : h ex an e  ( 5 0 :5 0 ) .  
B -  1% t e t r a h y d r o f u r a n  i n  d ic h lo ro m e th a n e :h ex an e  (7 5 :2 5 )
B oth  m o b ile  p h a s e s  50% s a t u r a t e d  w i th  w a te r .
6o
2 .6  E e s u lts
( a )  E s t im a t io n  o f  r e c o v e r y  u s in g  t h e  p u r i f i c a t i o n  p ro c e d u re s  
d e v e lo p e d  f o r  endogenous lAA.
A d d i t io n  o f  1 -l^ C -lA A  as an  i n t e r n a l  s ta n d a r d  t o  r o o t  n o d u le  
and  r o o t  h o m ogenates  o f  A lnus g l u t i n o s a  p r i o r  t o  o v e r n ig h t  h o m o g e n is a tio n , 
a llo w e d  l o s s e s  t o  h e  m o n ito re d  a t  v a r io u s  s ta g e s  i n  t h e  p u r i f i c a t i o n  
p r o c e s s .  F i n a l  r e c o v e r ie s  o f  lAA w ere 1-2% (T a b le  1 0 ) .
T a b le  10
R ecovezy  (% o f  i n i t i a l  r a d i o a c t i v i t y )  a t  
v a r io u s  s ta g e s  d u r in g  p u r i f i c a t i o n  o f  e x t r a c t s .
P u r i f i c a t i o n  s t e p  % r e c o v e r y  o f  i n i t i a l
r a d i o a c t i v i t y
A lnus n o d u le  A lnus r o o t  
e x t r a c t  e x t r a c t
I n  aqueous f i l t r a t e  a f t e r  PVP
t r e a tm e n t  58*5
I n  e t h e r  p h a se  ip a r t i t io n é d f f r O m
aqueous PVP t r e a t e d  f i l t r a t e  4 8 .1  4 l . 5
In  GPC colum n e l u a t e  a t  lAA
m a rk e r  p o s i t i o n  2 7 .8  2 8 .3
In  lAA-Me p e a k  e l u t e d  from
a n a l y t i c a l  HPLC 1 .1  1 .8
R a d i o a c t iv i t y  r e c o v e r e d  a f t e r  a n a l y t i c a l  HPLC = 1 .6  -  3 .2  x  10^ d .p .m .
The r e c o v e r y  d a t a ,  w h i le  o f  d i r e c t  r e le v a n c e  t o  t h e s e  p a r t i c u l a r  
e x t r a c t i o n s ,  s e r v e  t o  i n d i c a t e  t h e  l e v e l s  o f  r e c o v e ly  e x p e c te d  w ith  
n o d u la te d  r o o t  e x t r a c t s  o f  A lnus g l u t i n o s a  u s in g  t h e s e  p u r i f i c a t i o n  
p r o c e d u r e s .
(b )  E s t im a t io n s  o f  endogenous lAA l e v e l s
R e s u l t s  f o r  endogenous lAA l e v e l s  i n  r o o t  n o d u le  an d  r o o t  e x t r a c t s , 
e s t im a te d  from  t h e  U.V. a b s o rb a n c e  o f  t h e  p re s u m p tiv e  lAA-Me i n  
a n a l y t i c a l  HPLC e l u a t e s ,  a r e  shown in  T a b le  1 1 ,
6 l
The l e v e l s  o f  lAA e x t r a c t e d  i n  t h e  form  o f  t h e  f r e e  a c id  u n d e r  
t h e  c o n d i t io n s  d e s c r ib e d ,  a r e  h i g h e r  i n  th e  r o o t  n o d u le s  t h a n  in  
t h e  p a r e n t  r o o t s  ( i n  A lnus g l u t i n o s a  a p p ro x im a te ly  4 t im e s  and  in  
V ic ia  f a b a  e x t r a c t s  5 t im e s  h i g h e r .  T a b le  1 1 ) .  The v a lu e s  f o r  
A lnus g l u t i n o s a  r o o t  e x t r a c t s  w ere  v e ry  s i m i l a r  i n  e x p e r im e n ts  1 and  
2 (62  and  6 l  pg lA A -M e/kg. f r .  w t ,  t i s s u e ,  r e s p e c t i v e l y ) .
T a b le  11
lAA l e v e l s  i n  A lnus g l u t i n o s a  and  V ic ia  f a b a  e x t r a c t s . 
L e v e ls  m ea su red  by  U.V. a b s o rb a n c e  o f  a n a l y t i c a l  HPLC 
e l u a t e s  a t  lAA-Me e l u t i o n  p o i n t .
Sam ple Sam ple s i z e  
-  F re s h  w t. 
e q u iv a l e n t s  
(g )
A n a l y t i c a l  HPLC 
U.V . a b s o rb a n c e  
pg lA A -M e/kg. 
f r . w t . t i s s u e
A lnus g l u t  in o s  a
1 . N odu les 170 230
P a r e n t a l  r o o t s 770 62
2 . P a r e n t a l  r o o t s 250 61 (1 )
V ic ia  f a b a
1 . N odu les 6 l 540 (6 )
P a r e n t a l  r o o ts 200 120 (2 )
( i )  V a lu es  i n  th e  t a b l e  a r e  c o r r e c t e d  f o r  l o s s .  I n  A lnus g l u t  in  os a 
Sam ple 2 ,  and  i n  t h e  V ic ia  f a b a  s a m p le , c o r r e c t i o n s  f o r  l o s s  
w ere  made u s in g  r e c o v e ry  d a ta  from  A lnus g l u t i n o s a .s a m p le  1 .
( i i )  F ig u re s  i n  p a r e n th e s e s  a r e  v a lu e s  f o r  lA A - M e /k g , f r .w t . t i s s u e  
as m e a su re d  b y  U.V. a b s o rb a n c e  when u n c o r r e c te d  f o r  l o s s .
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3 . DISCUSSION
P u b l is h e d  e s t im a te s  o f  lAA. l e v e l s  i n  n o d u la te d  r o o t s  o f  th e  
s p e c ie s  u s e d  i n  t h e s e  i n v e s t i g a t i o n s ,  h av e  a l l  b e e n  b a s e d  on 
b io a s s a y s  ( e x c e p t  f o r  one s tu d y ,  when s p e c t r o f l u o r i m e t r y  was a l s o  
u s e d ) .  C l a s s i c a l  p u r i f i c a t i o n  p ro c e d u re s  (m e th a n o l e x t r a c t i o n ,  
s o lv e n t  p a r t i t i o n  and  p a p e r  c h ro m a to g ra p h y , w i th  th e  a d d i t i o n  o f  a  
D E A E -c e llu lo se  colum n c h ro m a to g rap h y  s t e p  f o r  V ic ia  f a b a  r o o t s )  w ere  
u s e d  t o  s e p a r a t e  lAA. from  o t h e r  compounds p r e s e n t  i n  t i s s u e  e x t r a c t s  .
The r e p r o d u c i b i l i t y  o f  some o f  t h e s e  e a r l y  e s t im a te s  was re -e x a m in e d  
i n  t h e  i n i t i a l  w ork r e p o r t e d  h e r e .  W hile  A lnus g l u t i n o s a  was th e  
s p e c ie s  o f  p r im a ry  i n t e r e s t ,  V ic ia  f a b a  was in c lu d e d  f o r  c o m p a r is o n , 
s in c e  t h e  a u x in  c o n te n t  o f  t h e  n o d u le s  i s  unknown an d  i t  was th o u g h t  
t h a t  t h e  a p p a r e n t ly  lo w e r  p h e n o l  c o n te n t  o f  t h e  r o o t  s y s te m  m ig h t 
p ro d u c e  e x t r a c t s  g iv in g  l e s s  i n t e r f e r e n c e  i n  b io a s s .a y s  th a n  t h e  h ig h ly  
p h e n o l ic  e x t r a c t s  o f  a l d e r .  I n  c o n t r a s t ,  n o d u le s  o f  M y ric a  g a l e , 
w hich  w ere  a l s o  a n a ly s e d ,  a l th o u g h  o f  h ig h  p h e n o l c o n t e n t ,  h a v e  b e e n  
r e p o r t e d  n o t  t o  c o n ta in  d e t e c t a b l e  a u x in  ( S i l v e r  e t  a l . , I 9 6 6 ) .  U sing  
a  c l a s s i c a l  e x t r a c t i o n  an d  p u r i f i c a t i o n  te c h n iq u e  s i m i l a r  t o  t h a t  j u s t  
d e s c r ib e d ,  b u t  w i th  t h e  a d d i t i o n  o f  a  PVP colum n c h ro m a to g ra p h y  s t e p  
t o  re d u c e  t h e  p h e n o l ic  c o n te n t  o f  t h e  e x t r a c t s ,  b io a s s a y  o f  V ic ia  f a b a  
r o o t  e x t r a c t s  (T a b le  5b) s u g g e s te d  l e v e l s  o f  lAA (0 -2  pg lAA e q u i v a l e n t s /  
k g . f r . w t . )  s i m i l a r  t o  th o s e  r e p o r t e d  b y  B u r n e t t  e t  a l . ( 1 9 6 5 ) f o r  n o n - 
n o d u la te d  r o o t s  (2 -5  pg lAA e q u i v a l e n t s / k g . f r . w t . ) .  T h e re  a r e  no 
p u b l i s h e d  v a lu e s  f o r  a u x in  l e v e l s  i n  r o o t  n o d u le s  o f  t h i s  s p e c i e s , 
a l th o u g h  th e  l e v e l s  o b ta in e d  h e r e  b y  b io a s s a y  w ere h i g h e r  th a n  th o s e  
f o r  t h e  r o o t s .
B io a s s a y  r e s u l t s  o f  A lnus g l u t i n o s a  e x t r a c t s ,  w e re  th e  l e a s t  
c o n s i s t e n t  o f  t h e  t h r e e  s p e c i e s  s t u d i e d ,  p o s s ib l y  r e f l e c t i n g  i n t e r f e r e n c e  
from  t h e i r  h ig h  c o n te n t  o f  p h e n o l ic  com pounds. Even a f t e r  a llo w a n c e  
f o r  70% l o s s e s  d u r in g  e x t r a c t i o n ,  when d e t e c t e d ,  v a lu e s  f o r  r o o t  
n o d u le  lAA. l e v e l s  w ere  a p p ro x im a te ly  15~50 t im e s  lo w e r  f o r  ’P e r a l i t e '  
grown s e e d l in g s  an d  5~20 t im e s  lo w e r  f o r  t h e  one e s t i m a t e  o f  f i e l d  
m a t e r i a l ,  t h a n  t h e  v a lu e s  o b ta in e d  b y  D u l l a a r t  (197O ), b y  b io a s s a y  
and  s p e c t r o f l u o r i m e t r y . A lth o u g h  D u l l a a r t  o b ta in e d  s i g n i f i c a n t  
r e s u l t s  from  v e ry  much s m a l le r  sam p les  o f  t i s s u e  (4 -5  g f r . w t . )  th a n  
th o s e  a s s a y e d  i n  t h e  p r e s e n t  s t u d i e s  (30 g f r .  w t . ) ,  t h e  b io a s s a y  was
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s e n s i t i v e  t o  t h e  same l e v e l  o f  lAA (a b o u t 0 .2 5  pg)> D i f f e r e n c e s  in  
e s t im a te s  o f  lAA. l e v e l s  m ig h t a r i s e  in  p a r t  from  t h e  u s e  o f  p l a n t  
m a t e r i a l  fro m  d i f f e r e n t  s o u r c e s .  D u l l a a r t  (19T0) a lw ay s  e x t r a c t e d  
f i e l d  m a t e r i a l ,  w h e re a s  i n  t h e  i n v e s t i g a t i o n s  r e p o r t e d  h e r e ,  a l l  
p l a n t s  w ere  grown i n  t h e  g l a s s h o u s e , i n  *P e r a l i t e ’,  w i th  t h e  e x c e p t io n  
o f  one n o d u le  sam p le  from  t h e  f i e l d  w h ich  gave l e v e l s  c l o s e r  t o ,  
a l th o u g h  s t i l l  much lo w e r  t h a n ,  th o s e  o b ta in e d  by  D u l l a a r t .  C o n s id e ra b le  
v a r i a b i l i t y  i n  t h e  horm one l e v e l s  o f  f i e l d  m a t e r i a l ,  c o l l e c t e d  from  
d i f f e r e n t  sam p le  s i t e s  i s  t o  b e  e x p e c te d ,  h o w e v e r, s in c e  a  v a r i e t y  o f  
e n v iro n m e n ta l  an d  b i o t i c  f a c t o r s  c o u ld  i n f lu e n c e  horm one a c c r e t i o n  by  
th e  t i s s u e .  F o r  e x a m p le , t h e  s e c r e t i o n  o f  g ro w th  s u b s ta n c e s ,  i n c lu d in g  
I M ,  b y  m y c o r r h iz a l  f u n g i  ( S l a n k i s ,  1973) m ig h t d i f f e r  b e tw e en  s o i l s  
and  c o n t r i b u t e  t o  d i f f e r e n c e s  i n  lAA. l e v e l s  o f  n o d u la te d  r o o t  e x t r a c t s  
from  d i f f e r e n t  l o c a l i t i e s .  The h ig h e r  l e v e l s  o f  lAA e x t r a c t e d  from  
n o d u le s  and  r o o t s  o f  a l l  t h r e e  s p e c ie s  when th e s e  w ere  grown in  o r  
h a r v e s t e d  from  th e  f i e l d ,  c o n c e iv a b ly  c o u ld  b e  due t o  c o n t r i b u t i o n s  
from  r h iz o s p h e r e  o r  m y c o r r h iz a l  m ic ro -o rg a n is m s .
The a b se n c e  o f  s i g n i f i c a n t  b i o l o g i c a l  a c t i v i t y  from  t h e  I M  zone
o f  ch rom atogram s o f  e x t r a c t s  o f  n o d u le s  from  g la s s - h o u s e  grow n M y rica
g a le  a g re e d  q u a l i t a t i v e l y  w i th  S i l v e r  e t  a l . (1966 ) f o r  M y ric a  c e r i f e r a .
H ow ever, w h i le  t h e s e  a u th o r s  w ere  u n a b le  t o  d e t e c t  s i g n i f i c a n t  am ounts
o f  a u x in  i n  e x t r a c t s  o f  s m a l l ,  s e c o n d a ry  f i e l d  r o o t s  o f  M y rica  c e r i f e r a
(sam p le  s i z e  40 g f r . w t . ) ,  i n  t h e  p r e s e n t  w ork s i g n i f i c a n t  a u x in
a c t i v i t y  o f  1 -5  yg lAA e q u iv a l e n t s /k g .  f r .  w t. M y ric a  g a le  r o o ts  was
d e te c te d  i n  sa m p les  o f  s i m i l a r  s i z e .  S i l v e r  e t  a l . ( 1 9 6 6 ) r e p o r t e d
v e iy  h ig h  a u x in  a c t i v i t y  (lO  mg lAA e q u iv a l e n t s /k g ,  f r . w t . ) i n  n o n -
n o d u la te d  young  s e e d l i n g  r o o t s  ( ’P e r a l i t e ’ grow n) w h ich  was a b o u t 
310 t h e  v a lu e  o b ta in e d  h e r e ,  ev en  a f t e r  t a k i n g  i n t o  a c c o u n t  c o r r e c t i o n  
f o r  l o s s .  H ow ever, as d i s c u s s e d  b y  D u l l a a r t  ( 1 9 7 0 ) , t h e s e  v ezy  h ig h  
l e v e l s  w ere  p ro b a b ly  due t o  th e  low  s e n s i t i v i t y  o f  t h e i r  b io a s s a y  
p ro c e d u re  ( 1 .5  mg lAA e q u i v a l e n t s / k g . f r . w t . ) .
The s p e c i a l  c h a r a c t e r i s t i c  o f  b io a s s a y s  i s  t h e i r  a b i l i t y  t o  
d e t e c t  b i o l o g i c a l  a c t i v i t y ,  f o r  w h ich  r e a s o n  th e y  can  b e  o f  c o n s id e r a b le  
v a lu e  i n  t h e  i n i t i a l  a n a ly s i s  o f  e x t r a c t s  o f  unknown c o m p o s i t io n .
When th e  o c c u r r e n c e  o f  t h e  compound o f  i n t e r e s t ,  f o r  exam ple i n  th e  
p r e s e n t  w o rk , lAA, i s  i n d i c a t e d  b y  b i o a s s a y ,  p h y s ic o - c h e m ic a l  
c h a r a c t e r i s t i c s ,  f o r  exam ple GC-MS(S. I .M . ) can  b e  u s e d  f o r  d e te c t i o n
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a n d  q u a n t i f i c a t i o n ,  t o  a v o id  t h e  v a r i a b i l i t y  i n h e r e n t  i n  t h e  u se  o f  
b i o l o g i c a l  m a t e r i a l ,  a s  i n  a  b io a s s a y .  S e v e r a l  r e p o r t s  o f  t h e  u se  
o f  GC-MS t o  m easu re  lAA l e v e l s  i n  r e l a t i v e l y  c ru d e  e x t r a c t s  o f  p l a n t  
t i s s u e  h av e  b e e n  p u b l i s h e d  ( s e e  I n t r o d u c t i o n ) . E x t r a c t s  f o r  a n a ly s i s  
w ere  o b ta in e d  u s in g  o n ly  a  p a r t i t i o n  s t e p ,  o r  w i th  t h e  a d d i t i o n  o f  a  
p a p e r  c h ro m a to g ra p h y  o r  TLC s t e p  b e f o r e  d é r i v â t i s a t i o n  an d  s u b s e q u e n t  
GC-MS (G reenw ood e t  a l . . 1 9 7 2 ; E i v i e r  and  P i l e t , 1 9 7 4 ; C aruso  e t  a l . . 
19785  A l le n  e t  a l . , 1979) a l th o u g h  some l a t e r  w o rk e rs  in c lu d e d  DEAE- 
c e l l u l o s e  c h ro m a to g ra p h y  (B r id g e s  e t  a l . , 1 9 7 3 ; E l l i o t t  and  G reenw ood, 
1 9 7 4 ; H a l l  and  M edlow , 1 9 7 4 ; H illm a n  e t  a l . ,  1 9 7 7 ) « I n  t h i s  s tu d y , 
th e  r e s u l t s  o b ta in e d  w i th  n o d u la te d  r o o t  e x t r a c t s ,  s u b j e c t e d  t o  
p u r i f i c a t i o n  t e c h n iq u e s  s i m i l a r  t o  th o s e  o f  t h e  above a u th o r s ,  w ere  n o t  
s a t i s f a c t o r y  (up  t o  8 0 - f o ld  d i f f e r e n c e s  b e tw e en  s i m i l a r  e x t r a c t s .
T a b le  $ a ,b ) .  I n c o n s i s te n c y  in  t h e  lAA l e v e l s  i n d i c a t e d  b y  GC-MS (S .I .M . 
a n a ly s e s ,  c o u ld  h av e  r e s u l t e d  p a r t l y  from  r u n - t o r r u n  v a r i a t i o n ,  w h ich  
may hav e  in v o lv e d  d r i f t  i n  MS re s p o n s e  o r  i n a c c u r a c i e s  i n  t h e  volum e 
o f  sam p le  i n j e c t e d .  E x te r n a l  s t a n d a r d i s a t i o n  o f  l o s s e s  was em ployed  
i n  t h e s e  e a r l y  s t u d i e s  b u t  much more r e l i a b l e  e s t im a te s  o f  v a r i a b i l i t y  
c o u ld  h av e  b e e n  o b ta in e d  b y  t h e  u se  o f  an i n t e r n a l  s t a n d a r d ,  su ch  as 
r a d i o a c t i v e l y - l a b e l l e d  lAA, w h ich  was i n c o r p o r a t e d  i n  l a t e r  w o rk . An 
a d d i t i o n a l  s o u rc e  o f  i n c o n s i s t e n c y  i n  t h e  a n a ly s e s ,  was t h e  im p u r i ty  
o f  t h e  e x t r a c t s .  O th e r  w o r k e rs ,  u s in g  GC-MS w ith  m in im a l p r e l im in a r y  
p u r i f i c a t i o n ,  h a v e  r e p o r t e d  t h a t  h ig h  b ac k g ro u n d s  c a u s e d  b y  i m p u r i t i e s  
e i t h e r  made i t  im p o s s ib le  t o  o b t a in  m ass s p e c t r a  from  t h e  low  q u a n t i t i e s  
o f  lAA p r e s e n t  ( R i v i e r  an d  P i l e t ,  1 9 7 ^ ) ,  o r  c o n ta m in a te d  th e  s p e c t r a  
(A l le n  e t  a l . , 1 9 7 9 )•
A lth o u g h  GC-MS in  t h e  S .I .M . and  M .I.M . modes i s  p o t e n t i a l l y  
c a p a b le  o f  d e t e c t i n g  v e ry  s m a l l  am ounts o f  lAA ( S . I .M , ,  I - 5  n g ,
H illm a n  e t  a l . , 1 9 7 7 ; M .I.M . , 0 .1 7 5  -  1 n g ,  C aru so  e t  a l . , 1978 and  
A lle n  e t  a l . , 1979 r e s p e c t i v e l y ) ,  j u s t  as  t h e  a u x in  b io a s s a y  i s  a l s o  
v e ry  s e n s i t i v e  ( A vena c o l e o p t i l e  s t r a i g h t  g row th  t e s t ,  2 x  10 ^ t o  
6 X 10 ^ M lA A ), t h e  p o t e n t i a l  c a p a c i ty  o f  b o th  t e c h n iq u e s  i s  g r e a t l y  
d e c r e a s e d  b y  t h e  p r e s e n c e  o f  i m p u r i t i e s ,  w h ich  i n t e r f e r e  w i th  t h e  
a c c u ra c y  and  p r e c i s i o n  o f  t h e  e s t i m a t io n s .  The p ro b le m s e n c o u n te re d  
i n  t h i s  s tu d y  a r e  i n  a c c o rd a n c e  w i th  t h e  d i f f i c u l t i e s  e x p e r ie n c e d  by  
th e  above a u th o r s ,  and  GLC o f  t h e  e x t r a c t s  ( F ig u re  l )  s u g g e s te d  t h a t
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one o f  t h e  m ain  s o u rc e s  o f  v a r i a b i l i t y  was in d e e d  th e  im p u r i ty  o f  
n o d u la te d  r o o t  e x t r a c t s .  ' I t  was n o t  p o s s ib l e  t o  o b t a i n  m ass s p e c t r a  
o f  lAA from  t h e s e  n o d u la te d  r o o t  e x t r a c t s ,  n e c e s s a r y  i f  GC-MS i n  th e  
S .I .M . mode i s  t o  b e  r e l i a b l e .  A dvan tage  c o u ld  n o t  b e  ta k e n  o f  th e  
g r e a t e r  r e l i a b i l i t y  o f  M .I.M . b e c a u s e  t h e  r e l a t i v e  ab undance  o f  t h e  
tw o io n s  m o n ito re d  (m /e 2 0 2 , 319) d i f f e r e d  from  t h o s e  i n  m ass s p e c t r a  o f  
s t a n d a r d s .
F u r th e r  e f f o r t  i n  t h i s  p r o j e c t  was d i r e c t e d ,  t h e r e f o r e ,  to w a rd s  
p ro d u c in g  e x t r a c t s  o f  h ig h  p u r i t y  from  t h e  p l a n t  s p e c i e s  u n d e r  
i n v e s t i g a t i o n ,  so  t h a t  endogenous lAA l e v e l s  c o u ld  b e  e s t im a te d  m ore 
a c c u r a t e l y .  A f t e r  t h e  i n i t i a l  m e th a n o l e x t r a c t i o n ,  PVP s l u r r y  and 
e t h e r  p a r t i t i o n ,  a d d i t i o n a l  p u r i f i c a t i o n  m ethods w ere  in t r o d u c e d  b a s e d  
on GPC and  HPLC t e c h n iq u e s .  The v a lu e  o f  GPC f o r  p u r i f i c a t i o n  
p u rp o s e s  h a s  b e e n  m e n tio n e d  p r e v io u s ly  ( S e c t io n  2 . 2 ) ,  a l th o u g h  th e  
m ethod  i s  n o t  w id e ly  u s e d  in  p l a n t  p u r i f i c a t i o n  p r o c e d u r e s , e x c e p t  as 
S ephadex  c h ro m a to g ra p h y . The t e c h n iq u e s  d e s c r ib e d  h e r e  u s in g  HPLC 
f o r  t h e  a n a ly s i s  o f  lAA w ere  d e v e lo p e d  p r i o r  t o  t h e  p u b l i c a t i o n  o f  
r e p o r t s  d e s c r i b in g  i t s  u s e  i n  lAA p u r i f i c a t i o n .  R e c e n t r e p o r t s  
d e s c r ib in g  th e  u se  o f  HPLC in  t h e  a n a ly s i s  o f  p l a n t  t i s s u e  f o r  lAA, 
h a v e  u se d  d i f f e r e n t  s e p a r a to r y  m echanism s t o  th o s e  d e s c r ib e d  h e r e ,  
f o r  e x a m p le , r e v e r s e -p h a s e  s i l i c a  g e l  p a r t i t i o n  ch ro m a to g ra p h y  (D u r le y , 
e t  a l . , 1 9 7 8 ) and  io n  exchange  chom atography  (S w e e ts e r  an d  S c h w a r tz f a g e r  
1 9 7 8 ) .  I n  b o th  t h e s e  s t u d i e s  lAA was m ea su red  i n  t h e  p r e s e n c e  o f  
i m p u r i t i e s  w h ich  c a u se d  p ro b le m s e i t h e r  i n  t h e  c o n f i r m a t io n  o f  t h e  
i d e n t i t y  o f  lAA o r  i n  t h e  l o s s  o f  d e t e c t o r  r e s p o n s e .  I t  i s  l i k e l y  
t h a t  m ore e x te n s iv e  p r e l im in a r y  p u r i f i c a t i o n  u s in g  a  g r e a t e r  v a r i e t y  
o f  s e p a r a t i o n  m ec h a n ism s , w ou ld  h av e  im proved  g r e a t l y  t h e  e f f e c t i v i t y  
o f  t h e s e  t e c h n iq u e s  and  t h e  r e l i a b i l i t y  o f  t h e  e s t i m a t e s .
The a d d i t i o n  o f  t h e  p u r i f i c a t i o n  s te p s  d e v e lo p e d  i n  t h i s  p r o j e c t  
and  sum m arised  i n  S e c t io n  2 . 5 ,  p ro v e d  s u c c e s s f u l  i n  t h e  p u r i f i c a t i o n  
o f  A lnus g l u t i n o s a  an d  V ic ia  f a b a  e x t r a c t s , a s  shown b y  t h e  p r o g r e s s iv e  
r e d u c t io n  i n  U .V .-a b s o r b in g  compounds i n  F ig u re s  4 ,  5 an d  8 . W ith  
M y ric a  g a le  e x t r a c t s , t h e  a d d i t i o n a l  p u r i f i c a t i o n  p ro c e d u re s  u s e d  d id  
n o t  a c h ie v e  s a t i s f a c t o r y  s e p a r a t i o n  o f  lAA from  o t h e r  i m p u r i t i e s  as  
d e s c r ib e d  i n  S e c t io n  2 . 4 . ;  i t  w i l l  b e  n e c e s s a ry  t o  d e v is e  a  t h i r d  
m o b ile  p h a se  f o r  t h e  a n a l y t i c a l  HPLC s ta g e  t o  e f f e c t  f u r t h e r  s e p a r a t i o n  
in  t h e  lAA-Me r e g io n  ( f o r  e x a m p le , a c e t o n i t r i l e  c o u ld  b e  u s e d  a s  a
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m o d if ie r  f o r  t h e  m o b ile  p h a s e ,  d ic h lo ro m e th a n e , e i t h e r  d i l u t e d  o r  n o t  
w i th  h e x a n e ) .
B ecau se  o f  t h e  c o n s id e r a b le  t im e  expended  i n  t h e  d ev e lo p m en t o f  
s a t i s f a c t o r y  p u r i f i c a t i o n  p r o c e d u r e s , o n ly  a  few  r e s u l t s  w ere  o b ta in e d  
b y  U.V. a b s o rb a n c e  on a n a l y t i c a l  HPLC f o r  endogenous lAA l e v e l s  (T a b le  11 ) .  
Those o b ta in e d  f o r  A lnus g l u t i n o s a  w ere  s t i l l  lo w e r  ( l . 5 - 6 .0  t im e s  f o r  
n o d u le s  and  1 .5  “  3 .5  t im e s  f o r  r o o t s )  th a n  p u b l i s h e d  d a ta  ( D u l l a a r t ,
1 9 7 0 ) . T h ere  a r e  no p u b l i s h e d  d a ta  f o r  r o o t  n o d u le s  o f  V ic ia  f a b a , 
b u t  t h e  v a lu e  s u g g e s te d  p r e v i o u s ly  b y  b io a s s a y  o f  e x t r a c t s  o f  no n - 
n o d u la te d  V ic ia  f a b a  r o o t s  ( B u r n e t t  e t  a l . , I 9 6 5 ) i s  much lo w e r  (2 0 -6 0  
t im e s )  th a n  was fo u n d  h e r e  by  U.V. a b s o rb a n c e  a lth o u g h  s i m i l a r  t o  t h a t  
o b ta in e d  b y  b io a s s a y .  GLC o f  V ic ia  f a b a  r o o t  e x t r a c t s  show ed th e  
p r e s e n c e  o f  h ig h  l e v e l s  o f  i m p u r i t i e s  (F ig u r e  l )  and  i t  i s  p o s s i b l e  
t h a t  i n  b o th  t h e  w ork o f  B u r n e t t  and  th e  p r e s e n t  s t u d i e s ,  b io a s s a y  
a c t i v i t y  m ig h t h av e  b e e n  re d u c e d  due t o  t h e  p r e s e n c e  o f  i n h i b i t o r s  in  
t h e  im pure  e x t r a c t s .
The d e t e c t i o n  o f  a  U.V. a b s o rb in g  p eak  c o r r e s p o n d in g  t o  t h e  
r e t e n t i o n  t im e  o f  lAA-Me b y  m eans o f  a n a l y t i c a l  HPLC ( F ig u r e  8) a f t e r  
se v en  i n c r e a s i n g l y  s e l e c t i v e  p u r i f i c a t i o n  s ta g e s  i s  n o t  c o n c lu s iv e  p r o o f  
t h a t  t h e  p eak  i s  lAA-Me. H ow ever, a d d i t i o n a l  s u p p o r t i v e  e v id e n c e  
was p r o v id e d  b y  c o -c h ro m a to g ra p h y  w ith  r a d i o a c t i v i t y  d e r iv e d  from  
1 - l^ C -lA A , ad d ed  a t  t h e  b e g in n in g  o f  t h e  e x t r a c t i o n  p ro c e d u re  and  
p e r s i s t i n g  th ro u g h  th e  s e p a r a t i o n  o f  t h e  lAA r e g io n  o f  t h e  e l u a t e  i n  
f o u r  s e p a r a t e  c h ro m a to g ra p h ic  r u n s .  T h is  in c lu d e d  two ru n s  i n  w h ich  
th e  f r e e  c a r b o x y l ic  a c id s  in  t h e  sam p le  w ere  c o n v e r te d  t o  t h e i r  
m e th y l e s t e r s .  The p r o b a b i l i t y  o f  c o r r e c t  i d e n t i f i c a t i o n  a s  lAA o f  
t h e  U.V. a b s o rb in g  p e a k  on HPLC i s  g r e a t l y  en h an ced  b y  c o -c h ro m a to -  
g rap h y  w ith  t h e  r a d i o a c t i v e  i n t e r n a l  m ark e r  d u r in g  a  w id e  v a r i e t y  o f
S 0TDQiï*Q/*t OX*V*d i f f e r e n t  s ^ - ^ ^ n r r p r o c e d u r e s - s o l v e n t  p a r t i t i o n i n g ,  g e l  p e rm e a tio n  
c h ro m a to g ra p h y , s t r a i g h t - p h a s e  l i q u i d  p a r t i t i o n  c h ro m a to g ra p h y  on 
b o th  n o n -d é r i v â t i s e d  an d  d e r i v a t i s e d  e x t r a c t s  an d  l i q u i d  a d s o r p t io n  
c h ro m a to g ra p h y .
The r e c o v e r y  d a ta  o b ta in e d  d u r in g  t h i s  p r o j e c t ,  show ed t h a t  on 
c o m p le tio n  o f  sam ple  p u r i f i c a t i o n  c u lm in a t in g  i n  a n a l y t i c a l  HPLC, b e tw e en  
1-2% o f  t h e  o r i g i n a l  lAA p r e s e n t  was r e c o v e r e d .  R eco v ery  d a ta  from  
th e  p r e l im in a r y  p n r i  f i  c a t  io n  p ro c e d u re s  i n d i c a t e d  t h a t  ev en  b e tw een
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m e th a n o l e x t r a c t i o n  an d  e t h e r  p a r t i t i o n ,  up t o  30% o f  t h e  lAA c o u ld  
b e  l o s t .  Mann and  J a w o rs k i  ( l9 7 0 )  a l s o  fo u n d  l o s s  o f  lAA. a t  e v e ry  
s t a g e  d u r in g  t h e i r  r e l a t i v e l y  s t r a ig h t f o r w a r d  e x t r a c t i o n  an d  
p u r i f i c a t i o n  p r o c e d u r e s ;  v e ry  s m a l l  am ounts o f  lAA. ( l 2  yg) added  t o  
sam ple  e x t r a c t s  c o u ld  b e  l o s t  a l t o g e t h e r .  The l a r g e  l o s s e s  o f  lAA. 
w h ich  o c c u r  d u r in g  e x t r a c t i o n  and  p u r i f i c a t i o n  show t h e  im p o r ta n c e  
o f  s t a n d a r d i s a t i o n  o f  t e c h n iq u e s  t o  a llo w  some c o r r e c t i o n  f o r  l o s s .  
R ecovery  d a ta  b a s e d  on e x t e r n a l  s t a n d a r d i s a t i o n  p r o c e d u r e s  can  be  
m is le a d in g .  F o r  e x a m p le , i n  t h i s  p r o j e c t  r e c o v e r ie s  fro m  PVP colum ns 
m ea su red  u s in g  s ta n d a r d s  w ere  66- 82%, w h ereas  when t h e s e  w ere  
i n c o r p o r a t e d  . i n  s a m p le s ,  r e c o v e r ie s  w ere  4-3-44%. R e p o r ts  o f  
e r r a t i c  l o s s e s  o f  lAA d u r in g  p u r i f i c a t i o n  (10-70%  r e c o v e r i e s  o f  lAA, 
B a n d u rsk i and  S c h u lz e ,  1 9 7 7 ; f i v e - f o l d  d i f f e r e n c e s  i n  r e c o v e r y  o f  
lAA, L i t t l e  e t  a l . ,  1978) show t h e  im p o r ta n c e ,  f o r  a c c u r a te  and  
p r e c i s e  r e s u l t s ,  o f  u s in g  i n t e r n a l  s ta n d a r d s  t o  m o n ito r  l o s s e s .
A p a r t from  t h e  d i f f i c u l t i e s  o f  c o r r e c t i o n  f o r  l o s s  d u r in g  
p u r i f i c a t i o n ,  i n a c c u r a c i e s  i n  e s t im a t io n  o f  f r e e  lAA l e v e l s  m igh t 
a l s o  a r i s e  due t o  t h e  n a t u r a l  o c c u r r e n c e  o f  lAA d e r i v a t i v e s  ( f o r  
e x a m p le , m e th y l e s t e r s ,  T a k a h a sh i e t  a l . , 1 9 7 5 ) , and  t o  t h e  breakdow n 
o f  in d o le  compounds ( f o r  e x a m p le , A tsum i e t  a l . ,  (1 9 7 6 ) a d v o c a te d  
m easu res  t o  a v o id  c o n v e rs io n  o f  i n d o le - 3 - p y r u v ic  a c i d  (iPyA ) in  
IPyA r i c h  t i s s u e s  su ch  as s e n e s c e n t  c u l t u r e d  to b a c c o  c e l l s ) .  H y d ro ly s is  
o f  lAA. c o n ju g a te s  can  a l s o  o c c u r .  A d e t a i l e d  know ledge  o f  a l l  in d o le  
compounds p r e s e n t  i n  an e x t r a c t  w o u ld  b e  n e c e s s a r y  t o  r e d u c e  e r r o r s  
w hich  m ig h t a r i s e  from  su ch  s o u r c e s .
Even when i t  i s  f e l t  t h a t  r e l i a b l e  e s t im a te s  o f  lAA l e v e l s  in  a  
p a r t i c u l a r  t i s s u e  have  b e e n  m ade, t h e  i n t e r p r e t a t i o n  o f  t h e  p h y s io l o g i c a l  
s i g n i f i c a n c e  o f  su ch  e s t im a te s  i s  l i k e l y  t o  p o se  num erous d i f f i c u l t i e s , 
and  t h e  v a lu e s  f o r  t h e  l e v e l s  o f  lAA o b ta in e d  m ust b e  v iew e d  w ith  
s e v e r a l  p o s s i b i l i t i e s  i n  m in d :-
( l )  V ery  s m a l l  ch an g es  o f  lAA. l e v e l s  w i th in  a  p o o l  o f  f r e e  lAA., may 
be  h ig h ly  s i g n i f i c a n t  in  t h e  f u n c t io n in g  o f  t h e  t i s s u e ,  b u t  may n o t  b e  
d e te c t a b l e  w i t h in  t h e  l a r g e  m ass o f  t i s s u e  e x t r a c t e d .  N o d u les  o f  
M y ric a  g a le  c o n ta in  no d e t e c t a b l e  lAA, so  e i t h e r  a  v e ry  low  b u t  
p h y s i o l o g i c a l l y  s i g n i f i c a n t  l e v e l  i s  p r e s e n t ,  o r  t h e  horm one i s  n o t  
e s s e n t i a l  t o  t h e  f u n c t io n in g  o f  t h e  n o d u le .  The p r e s e n c e  o f  r e l a t i v e l y  
h ig h  lAA l e v e l s  i n  some r o o t  n o d u le  e x t r a c t s , com pared  t o  t h e  p a r e n t
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r o o t s  5 c o u ld  i n d i c a t e  t h a t  tu r n o v e r  i s  slow  i n  t h e  fo rm e r  t i s s u e s  and 
t h a t  t h e  h ig h  l e v e l s  hav e  no s p e c i a l  s i g n i f i c a n c e .  A l t e r n a t i v e l y ,  
lAA e x t r a c t e d  from  p a r t s  o f  t h e  n o d u le s  o r  n o d u le  c e l l s , w here  n o rm a lly  
i t  may h e  p h y s i o l o g i c a l l y  u n a v a i l a b l e ,  c o u ld  c o n t r i b u t e  t o  t h e  h ig h  
l e v e l s  d e te c te d  i n  e x t r a c t s .
( 2 ) lAA may n o rm a lly  b e  p r e s e n t  i n  o t h e r  th a n  a  f r e e  fo rm  i n  t h e  n o d u le .  
I n  t h e  r a d i o t r a c e r  e x p e r im e n ts  d e s c r ib e d  in  P a r t  I I  o f  t h i s  w o rk , much 
o f  t h e  e x t r a c t e d  r a d i o a c t i v i t y  p a r t i t i o n i n g  i n t o  t h e  aqueous p h a se  may 
hav e  b e e n  due t o  c o n ju g a te  fo rm a t io n .  A uxin a c t i v i t y ,  o t h e r  th a n  lAA, 
was a l s o  fo u n d  i n  t h e  b io a s s a y  d e te r m in a t io n s  o f  t h e  a c i d i c  e t h e r  
f r a c t i o n  o f  b o th  r o o t  n o d u le s  an d  r o o t s .
D u rin g  t h e  c o u rs e  o f  t h i s  p r e s e n t  s t u d y , i t  h a s  becom e o b v io u s  
t h a t  t o  e s t im a te  a c c u r a t e l y ,  and  t o  a s s e s s  th e  s i g n i f i c a n c e  o r  o th e rw is e  
o f  lAA l e v e l s  i n  r o o t  n o d u le s ,  i t  w i l l  b e  n e c e s s a r y  t o  i n v e s t i g a t e  t h e  
f u l l  a u x in  com plem ent o f  t h e  t i s s u e ,  in c lu d in g  any lAA c o n ju g a te s .
Once t h i s  h a s  b e e n  a c h ie v e d ,  c o r r e l a t i o n  o f  n o d u le  a u x in  w ith  p h y s io ­
l o g i c a l  e f f e c t s  i n  th e  h o s t  p l a n t ,  w i l l  o n ly  b e  a c h ie v e d  w ith  a n a l y t i c a l  
te c h n iq u e s  s u i t a b l e  f o r  q u a n t i t a t i v e  w ork on much s m a l le r  am ounts o f  
t i s s u e  th a n  th o s e  a t  p r e s e n t  n e c e s s a r y .  The d ev e lo p m en t and  i n c l u s io n  
o f  te c h n iq u e s  t o  re d u c e  l o s s e s  o f  a u x in  d u r in g  p u r i f i c a t i o n ,  w ou ld  
h e lp  t o  a l l e v i a t e  t h i s  d i f f i c u l t y  and  a l s o  re d u c e  t h e  e r r o r s  in t r o d u c e d  
d u r in g  c o r r e c t i o n  f o r  l o s s .  A u s e f u l ,  a l t e r n a t i v e  a p p ro a c h  t o  a n a ly s i s  
o f  horm one l e v e l s  in  t h e  a s se s s m e n t o f  t h e  p h y s io l o g i c a l  r o l e  o f  a u x in  
in  th e  n o d u le ,  m ig h t be  t o  u se  r a d i o a c t i v e  t r a c e r s  i n  s t u d i e s  o f  lAA 
p o o l  s i z e s  and  tu r n o v e r  k i n e t i c s ,  w h ich  c o u ld  h e lp  t o  i n d i c a t e  th e  
l o c a t i o n  and  r a t e  o f  lAA m e ta b o lism . A m a jo r  draw back  t o  t h i s  a p p ro ach  
i s  t h e  i n t r o d u c t i o n  o f  e x p e r im e n ta l  a r t e f a c t s  due t o  t i s s u e  damage 
d u r in g  a p p l i c a t i o n  o f  t h e  r a d i o t r a c e r .  P r e l im in a r y  r a d i o a c t i v e  t r a c e r  
s tu d i e s  on th e  f a t e  o f  lAA a p p l i e d  t o  n o d u la te d  A lnus g l u t i n o s a  have  
b e e n  c o n d u c te d , and  a re  d e s c r ib e d  in  P a r t  I I  o f  t h i s  p r o j e c t .
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PART I I . MOBILITY OF lAA IN ALNUS GLUTINOSA
1 . GENERAL METHODS
A p p l ic a t io n  o f  r a d i o a c t i v e  lAA and e x t r a c t i o n  o f  p l a n t  m a t e r i a l
R a d i o a c t i v e l y - l a b e l l e d  lAA ( l-^ ^ C -lA A , 50-57  mCi/m m ol: The
R a d io c h e m ic a l C e n t r e .  5 " % -lA A , 2 3 .5 "2 5  Ci/m  m o l: C .E .A ., G i f - s u r -  
Y v e t te ,  F ra n c e )  was a p p l i e d ,  w i th  minimum dam age, t o  t h e  a p p r o p r ia t e  
p l a n t  o rg a n  i n  f i n e  c a p i l l a r y  tu b e s  ( t i p  -  0 .2mm d ia m e te r )  drawn 
from  P a s te u r  p i p e t t e s .  P r i o r  t o  u s e ,  TLC o f  5 " % -lA A  r e v e a le d  an 
im p u r i ty  a t  R ^ ^  1 .5  - 1 .7  w h ich  c o n s t i t u t e d  11 - 19% o f  t h e  t o t a l  
r a d i o a c t i v i t y  ( F ig u re  9 A ). The im p u r i ty  may r e s u l t  from  breakdow n 
o f  lAA d u r in g  TLC s in c e  i t  was n o t  rem oved b y  e l u t i o n  o f  th e  lAA peak  
and r e c h to m a to g ra p h y , and  u s in g  p r e p a r a t i v e  HPLC t h e  im p u r i ty  p eak s  
w ere e i t h e r  s m a l le r  o r  n o t  p r e s e n t  ( F ig u re  9 B ) . A t h a r v e s t ,  t h e  
p l a n t s  w ere  d iv id e d  i n t o  p a r t s ,  w e ig h ed  and  e x t r a c t e d  b y  s h a k in g  in  
80% aqu eo u s m e th a n o l f o r  1 2 -2 4  h o u r s , a t  4*^ C in  t h e  d a r k . E x t r a c t s  
w ere  f i l t e r e d ,  r e s id u e s  w ashed  tw ic e  w ith  aqueous m e th a n o l and  th e  
com bined e x t r a c t s  re d u c e d  t o  t h e  aqueous p h a s e ,  w h ich  was p a r t i t i o n e d  
t h r e e  t im e s  a g a in s t  f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r  a t  pH3. In  
some e x p e r im e n ts ,  t h e  e x t r a c t  was i n i t i a l l y  p a r t i t i o n e d e w i t h i ,d i e t h y l  
e t h e r  a t  pH8. The e t h e r  was d r i e d  b y  f r e e z in g  o v e r n ig h t  fo llo w e d  by  
f i l t r a t i o n ,  and  t h e  f i l t r a t e ,  ta k e n  up in  a  s m a l l  volum e o f  r e d i s t i l l e d  
m e th a n o l was u s e d  f o r  f u r t h e r  a n a l y s i s .  A l iq u o ts  t a k e n  a t  s u i t a b l e  
s ta g e s  d u r in g  t h e  e x t r a c t i o n  p r o c e d u r e ,  w ere  d r i e d  and  e l u t e d  b e f o r e  
m easu rem en t o f  r e c o v e ry  o f  r a d i o a c t i v i t y .
S o l id  sam p le  c o u n tin g  f o r  r a d i o a c t i v i t y
A l iq u o ts  ( O . l  m l) o f  e x t r a c t  w ere  d r i e d  on s t a i n l e s s  s t e e l  
p l a n c h e t t e s  u n d e r  an  i n f r a - r e d  la m p , and  r a d i o a c t i v i t y  l e v e l s  w ere  
m easu red  w i th  a  s o l i d  sam ple  gas flo w  c o u n te r  (N u c le a r  C h ic a g o ) , 
o p e r a te d  w i th  a  gas  f lo w  o f  2% p ro p a n e  in  a rg o n  a t  7 p . s . i .
T h in - l a y e r  ra d io c h ro m a to g ra p h y
E x t r a c t s , t o g e t h e r  w i th  lAA m a r k e r s , w ere  c h ro m a to g ra p h e d  on
TO
F ig u re  9
A. T h in - l a y e r  ra d io c h ro m a to g ra m  o f  t h e  s to c k  s o l u t i o n  o f  
5 -% -lA A .
S o lv e n t  s y s te m ;-  i s o p r o p a n o l : am m onia:w a te r  : : 8 : 1 :1  v |v .
B. P r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  ra d io c h ro m a to g ra m  
o f  t h e  s to c k  s o l u t i o n  o f  5“ ^H~1AA (3  x  10^ d .p .m .)
C olum n:- P a r t i s i l  20
Column t e m p e r a t u r e : -  30 ± 0 .5 °C
S t a t i o n a r y  p h a s e : -  0 .5  M fo rm ic  a c id
M ob ile  p h a s e : -  60% e t h y l  a c e t a t e  i n  h e x a n e
Flow r a t e : -  m o b ile  p h a s e  4 .6  ± 0 .1  m l. m in
_ 1
s c i n t i l l a n t  2 .0  ± 0 .1  m l.m in
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s i l i c a  g e l  p l a t e s  ( 0 .25mm t h i c k  w ith  f l u o r e s c e n t  i n d i c a t o r  UV 2 5 4 ; 
C am lah, C am bridge) d e v e lo p e d  w ith  i s o p r o p a n o l ;  ammonia: w a te r  ( 8 : 1 : 1 ) .
The chrom atogram s w ere  d iv id e d  i n t o  2 0 , 0 .7 5  cm s e c t i o n s  w h ich  w ere 
s c r a p e d  i n t o  s e p a r a t e  p l a s t i c  s c i n t i l l a t i o n  v i a l  i n s e r t s .  A f t e r  
e l u t i o n  w i th  0 .5  m l m e th a n o l f o r  n o t  l e s s  th a n  one h o u r ,  5 ml 
s c i n t i l l a t i o n  f l u i d  was added  (0.4%  w /v  PPO, 0.2% w /v  d im e th y l  POPOP in  
r e d i s t i l l e d  to lu e n e )  and  th e  r a d i o a c t i v i t y  a s s e s s e d  i n  a  l i q u i d  
s c i n t i l l a t i o n  c o u n te r  ( IC N -T ra c e r la b  Cbrumaitiic 200 ) .  C ounts w ere 
c o r r e c t e d  f o r  b a c k g ro u n d  and  a l s o  f o r  q u e n c h in g  w i th  a  quench  
c o r r e c t i o n  c u r v e ,  c o n s t r u c te d  u s in g  r a d io a c t iv e - h e x a d e c a n e  s ta n d a r d s  
(The R a d io c h e m ic a l C e n t r e ,  Amer sham) and  p l a n t  e x t r a c t s ,  and  u t i l i s i n g  
th e  a u to m a tic  e x t e r n a l  s ta n d a r d  c h a n n e ls  r a t i o .  The e x t e r n a l  s ta n d a r d  
g a in ,  t h r e s h o l d  a n d  window s e t t i n g s  w ere  ch eck ed  im m e d ia te ly  b e f o r e  
each  s e t  o f  c o u n ts ,  t o  c o r r e c t  f o r  d r i f t .
L iq u id  s c i n t i l l a t i o n  sam ple  o x id a t io n
The r e s id u e  re m a in in g  a f t e r  aqueous m e th a n o l e x t r a c t i o n ,  was 
d r i e d  i n  an oven  f o r  48 h  a t  70°C , g ro u n d  i n  a  m o r ta r  an d  p e s t l e ,  
and  e i t h e r  t h e  w hole  s a m p le , o r  t h e  maximum p e r m i t t e d  a l i q u o t  com busted  
t o  w a te r  and  c a rb o n  d io x id e  i n  a  l i q u i d  s c i n t i l l a t i o n  sam p le  o x i d i s e r  
( in t e r t e c h n i q u e  IW 4 lO l) . F o r  l ^ C - l a b e l l e d  s a m p le s , t h e  s c i n t i l l a n t  
c o m p rise d  0.7% w /v  PPO i n  to lu e n e :  p h e n y le th y la m in e : m e th a n o l:
w a te r  ( 4 0 :3 3 : 2 2 :5 ) ,  and  f o r  t r i t i u m - l a b e l l e d  s a m p le s ,  0.5% w /v  PPO 
and 0.03% w /v  POPOP i n  d io x a n e : to lu e n e  ( 7 0 :3 0 ) .  The w ash l i q u i d
u s e d  a f t e r  e a ch  s e t  o f  sam p les  and  b e tw e en  h ig h  an d  low  a c t i v i t y  
s a m p le s , c o m p rise d  m e th a n o l: t o l u e n e ,  3 :2 .  A memory o f  1-4%
was a s s o c i a t e d  w ith  th e  sam ple  o x i d i s e r  o p e r a t io n ,  so  t h a t  f o r  e v e ry  
g roup  o f  sam p les  ( a b o u t  3) w i th  s i m i l a r  a c t i v i t y ,  a  b la n k  sam ple  was 
ru n  t o  d e te rm in e  t h e  memory a p p l i c a b l e  t o  t h e  n e x t  g ro u p  o f  s a m p le s .
As an ad d ed  p r e c a u t i o n ,  t h e  sam p les  w ere  o x id i s e d  in  a s c e n d in g  o r d e r  
o f  a c t i v i t y .
P r e p a r a t i v e  HPLC o f  r a d i o a c t i v e  e x t r a c t s .
The p r e p a r a t i v e  HPLC s y s te m , w h ich  was u se d  f o r  t h e  a n a ly s i s  o f  
endogenous lAA i n  A lnus g l u t i n o s a . V ic ia  f a b a  an d  M y ric a  g a le  r o o t
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n o d u le s  and  r o o t s ,  a d a p te d  from  Reeve e t  a l  (1976) , i s  d e s c r ib e d  in  
P a r t  I ,  S e c t io n  2 .3 -  A l iq u o ts  o f  a c id i c  e t h e r  f r a c t i o n s ,  o f  a c t i v i t y  
1 X 10^ d .p .m . i n  th e  c a se  o f  t r i t i u m  l a b e l ,  w ere  d i s s o l v e d  i n  330' 
colum n e l u a t e  and  a p p l i e d  t o  t h e  colum n v i a  t h e  sam p le  lo o p .  C old  
lAA ( 60-100  yg) a n d  b e n z e n e  (ly& ) w ere  added  t o  e a c h  sam ple  t o  a c t  as 
r e f e r e n c e  p o i n t s  f o r  t h e  r a d i o a c t i v e  m e t a b o l i t e s ,  b e n z e n e  b e in g  
e l u t e d  a t  t h e  s o lv e n t  f r o n t .  The sam ple was e l u t e d  w i th  a  g r a d i e n t  
c o m p le te d  w i th in  40 m in u te s , o f  50-75% e t h y l  a c e t a t e  i n  h e x a n e . The 
g r a d i e n t  was e x te n d e d  t o  100% e t h y l  a c e t a t e  when n e c e s s a r y  t o  a llo w  
e l u t i o n  o f  a l l  t h e  r a d i o a c t i v i t y .
2 .  MOBILITY OF RADIOACTIVITY FOLLOWING APPLICATION OP 1-^^C -lA A  t o  
SHOOT TIPS AND TO ROOT NODULES
T h is  e x p e r im e n t  was p e rfo rm e d  i n  a  c o n t r o l l e d  e n v iro n m e n t a t  a 
t e m p e ra tu re  o f  26°C and  a  p h o to p e r io d  o f  I 6 h o u r s .  A p p ro x im a te ly
2 .5  yCi 1 - I'+C-IAA w ere  a p p l i e d  t o  each  p l a n t  i n  5 y£ e th a n o l  ( i . e .
5 X 10 m m ol lA A ), u p ta k e  b e in g  c o m p le te d  w i th in  a b o u t 2 h o u r s .  
M ic r o p ip e t te s  w ere  i n s e r t e d  i n t o  t h e  f o l lo w in g  t i s s u e s : -
( a )  t h e  a p i c a l  b u d
(b )  t h e  t o p  o f  t h e  s tem  a f t e r  rem o v a l o f  th e  a p i c a l  b u d
(c )  a  s i n g l e  r o o t  n o d u le  o r  one lo b e  o f  a  n o d u le  c l u s t e r .
F o r each  o f  ( a )  and  ( b ) ,  tw o p l a n t s  w ere  h a r v e s t e d  2 4 , 48 and  72 h o u rs  
a f t e r  a p p l i c a t i o n  o f  t h e  l a b e l .  F o r  ( c ) ,  tw o p l a n t s  w ere  h a r v e s t e d  
a f t e r  24 h o u rs  o n ly .  The s e p a r a te d  p a r t s  w ere  e x t r a c t e d  i n  70% 
m e th a n o l f o r  2 days a t  room te m p e ra tu re  ; a l i q u o t s  w ere  t h e n  c o u n te d  
on a  s o l i d  sam p le  gas  flo w  c o u n te r .
RESULTS
T w e n ty -fo u r  h o u rs  a f t e r  t h e  a p p l i c a t i o n  o f  l a b e l  t o  t h e  s h o o t ,  
m ost r a d i o a c t i v i t y  (62-94% ) re m a in e d  c lo s e  t o  t h e  s i t e  o f  a p p l i c a t i o n ,  
i r r e s p e c t i v e  o f  w h e th e r  l a b e l  was f e d  t o  t h e  a p i c a l  b u d  o r  i n t o  t h e  to p  
o f  th e  s te m  a f t e r  t h e  a p i c a l  b u d  h a d  b e e n  rem oved (T a b le  12 a ,b )  .
V ery l i t t l e  o f  t h e  e x t r a c t e d  r a d i o a c t i v i t y  was p r e s e n t  i n  th e  r o o t s
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R e la t iv e  d i s t r i b u t i o n  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y .  
P r o p o r t io n  o f  r a d i o a c t i v i t y  in  s e p a r a te  p l a n t  p a r t s  as 
p e rc e n ta g e  o f  w ho le  p l a n t  (sum o f  m e th a n o l s o lu b le  r a d i o ­
a c t i v i t y  i n  each  p l a n t  p a r t  ) .  l-l'+ C -lA A  a p p l i e d  t o  
d i f f e r e n t  p l a n t  o rg a n s  and  p l a n t s  h a r v e s t e d  a t  v a r io u s  
t i m e s .
(a )  A p ic a l  b u d
P la n t  p a r t % o f  w hole p l a n t  m e th a n o l s o lu b le  r a d i o a c t i v i t y  
f P l a n t  p a r t  d .p .m . x  100 'j
y Combined p l a n t  p a r t  d .p .m .
2hh 48h 72h
A B A B A B
Fed a p i c a l  
bu d  
Stem  
L eaves
A x i l l a r y  buds
R oots
N odules
9 3 .5  8 8 .7  
h . 2  5 .3  
0 .9  2 .0
1 .0  0 .7
1 .1  1 .1  
0 . 0 8  o . o 6
8 6 .H 8 ^ .6
9 .1  9 .8
3 .1  h.6  
0 .2  0 .1  
0 .9  0 .8  
0 .2  0 .2
6 5 . 8  7 6 . 8  
3 1 . 7  1 2 . 6  
1 . 7  7 . 1
0 .3  0 .8  
O.H 2 .3
0 . 0 6  0 . 5
(b ) Stem  apex
P l a n t  p a r t 2kh %8h 72h
A B A B A B
Fed s te m  ap ex 9 2 . 5 6 2 . 2 9 2 . 6 87 . 8 82 . 5 69 . 6
Stem 3 . 7 3 . 6 1 . 3 6 . 1 1 3 . 7 19 .5
L eaves 3 . 1 31 .5 5 . 1 %.9 3 .2 8 .5
A x i l l a r y  buds 0 . 0 6 1 . 1 O.k 0 . 3 0 . 5 0 .8
R oots 0 . 7 1 .% 0 . 2 0 . 8 0 . 1 0 .8
N odules 0 . 0 % 0 . 0 6 0 .% 0 .0 1 0 . 0 6 0 .7
( c) N odule
P la n t  p a r t 2%h
A B
Fed n o d u le 3 9 .2 8%.3
Stem 2 .9 1 .3
L eaves 2 .7 1 .1
A x i l l a r y  bu d s 0 .2 0 .3
R oots 5% .l 1 1 .7
N odules 0 .3 1 .0
A p ic a l  b u d 0 .6 0 .3
( i )  Sum o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  e x t r a c t e d  from  each  p l a n t  
p a r t  = 1 .0  “  8 .0  X 10^ c .p .m .
7%
(0 .1 -2 .3 % ) o r  t h e  n o d u le s  ( 0 . 0 1 - 0 . T ^ ) . H ow ever, i n  one p l a n t ,  
s u b s t a n t i a l  r a d i o a c t i v i t y  (32%) was p r e s e n t  i n  t h e  l e a v e s .  T h ere  
was a l s o  l i t t l e  m ovem ent, i n  t h i s  c a se  o u t s id e  t h e  r o o t  s y s te m , 
f o l lo w in g  a p p l i c a t i o n  o f  l a b e l l e d  lAA t o  a n o d u le  (T a b le  12 c ) .
A f t e r  2% h o u r s ,  r a d i o a c t i v i t y  i n  t h e  f e d  n o d u le  c o m p rise d  39~8%^ o f  
t h e  t o t a l  e x t r a c t e d  r a d i o a c t i v i t y ,  12-5%% was p r e s e n t  i n  t h e  r o o t s  
and  0 .3 -1 .0 %  was d e t e c te d  i n  o t h e r  n o d u le s .  O nly  3.0-6.% %  was 
fo u n d  i n  t h e  s h o o t s .
A c o n s id e r a b l e  p r o p o r t io n  (66-83% ) o f  t h e  e x t r a c t e d  l a b e l  was 
p r e s e n t  i n  th e  f e d  o r g a n , even  72 h o u rs  a f t e r  a p p l i c a t i o n  o f  
1 -1 ^ 0 “ lAA t o  t h e  a p i c a l  b u d  and  s tem  ( T ab le  12 a , b ) .  A lth o u g h  th e  
p r o p o r t io n  o f  r a d i o a c t i v i t y  e x t r a c t e d  from  t h e  s te m  i n c r e a s e d  w ith  
t im e  (fro m  %-5% t o  13"32% ), t h e  r a d i o a c t i v i t y  o f  t h e  n o d u le s  and  
r o o t s  show ed l i t t l e  c h a n g e .
3 . MOBILITY OF 5~^H-1AA
3 .1  A p p l i c a t io n  t o  a p i c a l  bu d s
G la ssh o u se -g ro w n  p l a n t s  w ere  t r a n s f e r r e d  t o  a  c o n t r o l l e d  
en v iro n m e n t c a b in e t  (1 9 °C , l6 h  p h o to p e r io d ;  15°C , 8h d a rk  p e r io d )
12 days p r i o r  t o  th e  e x p e r im e n t .  M ic r o p ip e t te s  c o n ta in in g  6 yCi 
5-^H -lA A  ( i . e .  2 .1  X 10 mmol lAA.) i n  6 20% aqu eo u s e th a n o l  w ere
a p p l i e d  t o  t h e  b a s e  o f  t h e  a p i c a l  b u d s  o f  6 p l a n t s .  U ptake  was 
c o m p le te d  w i t h in  % h o u rs  and  th e  p l a n t s  l e f t  f o r  a  f u r t h e r  2% h o u rs  . 
The 6 p l a n t s  w ere  th e n  h a r v e s t e d  i n  p a i r s  and  d iv id e d  i n t o  p a r t s  w h ich  
w ere  w e ig h e d , e x t r a c t e d  i n t o  80% aqueous m e th a n o l o v e r n ig h t  a t  room 
te m p e r a tu r e ,  p a r t i t i o n e d  i n t o  e t h e r  and  a n a ly s e d  b y  t h i n - l a y e r  r a d i o ­
ch ro m a to g ra p h y  as d e s c r ib e d  p r e v io u s ly  ( s e e  S e c t io n  1 ) .
RESULTS
A lth o u g h  m e th a n o l s o lu b le  r a d i o a c t i v i t y  was d e t e c t e d  in  a l l  
p a r t s  o f  t h e  p l a n t  e x c e p t  i n  t h e  lo w e r  l e a v e s , m ost o f  t h e  l a b e l  
re m a in e d  in  t h e  f e d  a p i c a l  b u d  (70-80% ) o r  was p r e s e n t  i n  t h e  s tem  
( 18 - 29%) w here  i t  may h a v e  b e e n  l o c a t e d  in  th e  u p p e r  r e g io n  a d ja c e n t
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t o  t h e  a p i c a l  h u d . The re m a in in g  r a d i o a c t i v i t y ,  w h ich  c o m p rise d  ab o u t 
1% o f  t h e  t o t a l  e x t r a c t e d  i n t o  80% m e th a n o l,  was d i s t r i b u t e d  m a in ly  
b e tw e en  t h e  to p  2 l e a v e s  and  t h e  r o o t s  w i th  o n ly  0 .0 2  -  0 . 05% b e in g  
d e te c te d  i n  t h e  n o d u le s  ( T a b le  1 3  ) .
R e te n t io n  o f  r a d i o a c t i v i t y  i n  t h e  f e d  a p i c a l  b u d  an d  a d ja c e n t  
t i s s u e s ,  i s  r e f l e c t e d  i n  th e  h ig h  s p e c i f i c  a c t i v i t i e s  o f  t h e  a p i c a l  
b u d  and  s te m . The n o d u le s  an d  r o o t s  show ed s i m i l a r  s p e c i f i c  
a c t i v i t y  w h ich  was v e ry  much lo w e r  th a n  th e  f e d  t i s s u e s  a n d  a b o u t 
30-120  t im e s  b e lo w  t h a t  o f  t h e  s te m .
When t h e  m e th a n o lic  e x t r a c t s  w ere  p a r t i t i o n e d  a g a in s t  e t h e r  
a t  pH3, 55“ 7%% o f  t h e  t o t a l  r a d i o a c t i v i t y  e x t r a c t e d  re m a in e d  in  t h e  
aqueous f r a c t i o n  (T a b le  1 % ) .  V a r ia t io n  i n  t h e  p r o p o r t io n s  o f  
r a d i o a c t i v i t y  w h ich  re m a in e d  i n  t h e  aqueous f r a c t i o n  o f  d i f f e r e n t  
p l a n t  p a r t s  may r e f l e c t  d i f f e r e n c e s  i n  m e ta b o lism  o f  t h e  l a b e l  
(T a b le  I 5 and  A ppend ix  T a b le  % ) . The le a v e s  c o n ta in e d  th e
h i g h e s t  p r o p o r t io n  ( 82- 100%) o f  r a d i o a c t i v i t y  i n  t h e  aqueous f r a c t i o n ,  
fo l lo w e d  b y  t h e  f e d  a p i c a l  b u d  ( 69- 82% ). Much lo w e r  l e v e l s  o f  
r a d i o a c t i v i t y  re m a in e d  in  t h e  aqueous f r a c t i o n  o f  t h e  n o d u le s  (20-6% % ), 
s te m  (21-%3%) and  r o o t s  (22-3% % ).
The a c i d i c  e t h e r  f r a c t i o n  a c c o u n te d  f o r  26-%6% o f  t h e  t o t a l  
r a d i o a c t i v i t y  r e c o v e r e d  from  e a c h  p l a n t  (T a b le  16  ) . Of t h i s ,  t h e  
f e d  a p i c a l  b u d  (%8~57%) an d  t h e  s te m  (%1“ 51%) c o n ta in e d  m ost o f  th e  
l a b e l  and  o n ly  0 .0 3 -0 ,0 9 %  was l o c a t e d  in  t h e  n o d u le s  an d  0 .8 -1 .3 %  
i n  t h e  r o o t s  (T a b le  16 ) .  The h i ^  s p e c i f i c  r a d i o a c t i v i t i e s  o f
th e  f e d  a p i c a l  b u d  an d  th e  s te m , a g a in  i n d i c a t e  r e t e n t i o n  o f  i s o to p e  
i n  t h e  f e d  and  a d ja c e n t  t i s s u e s  ( T a b le  16 ) .  The s p e c i f i c  a c t i v i t y  
o f  t h e  r o o t s  and n o d u le s  was s i m i l a r  b u t  up t o  1%0 t im e s  lo w e r  th a n  
t h a t  o f  t h e  s te m .
TLC o f  t h e  s to c k  5"^H-1AA (F ig u r e  9 A) show ed a  m ain  p e a k  o f  
r a d i o a c t i v i t y  w h ich  c o -c h ro m a to g ra p h e d  w i th  t h e  'coiffl' lAA m a rk e r  and  
i n  a d d i t io n  a  s m a l l  p eak  n e a r  t h e  s o lv e n t  f r o n t .  C hrom atogram s o f  
m ost o f  t h e  a c i d i c  e t h e r  e x t r a c t s  show ed t h a t  t h e  R^ o f  t h e  m a jo r  
zones o f  r a d i o a c t i v i t y  c o r re s p o n d e d  w i th  th o s e  o f  t h e  s to c k  5“ ^H-1AA, 
and  t h a t  t h e  p o s i t i o n  o f  th e  'c o l d '  lAA m a rk e r , w h ich  was c o -c h ro m a to -  
g ra p h e d  w i th  ea ch  e x t r a c t ,  was s i m i l a r  t o  t h a t  o f  t h e  m ain  p eak  o f  
r a d i o a c t i v i t y  ( F i g u r e  10 ) .  The n o d u le s  w ere  a  n o t a b l e  e x c e p t io n ;
i n  tw o e x t r a c t s  (B and  C) t h e  m ain  p eak  o f  r a d i o a c t i v i t y  d id  n o t
T able 13
R e la t iv e  d i s t r i b u t i o n  and  s p e c i f i c  a c t i v i t y  o f  m e th a n o l 
s o lu b le  r a d i o a c t i v i t y .  P r o p o r t io n  o f  m e th a n o l s o lu b le  
r a d i o a c t i v i t y  i n  s e p a r a te  p l a n t  p a r t s  a s  p e r c e n ta g e  o f  
w ho le  p l a n t  (sum  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  i n  
each  p l a n t  p a r t ) .
T6
P l a n t  p a r t
M eth an o l s o lu b le  r a d i o a c t i v i t y
% o f  w ho le  p l a n t
P l a n t  p a r t  d .p .m . x 100 
^Combined p l a n t  p a r t  d .p .m .^
A B
S p e c i f i c  a c t i v i t y
d .p .m . / g .  f r e s h _ ^ e ig h t  
t i s s u e  X 10
A B
Fed a p i c a l  b u d 8 0 .3 6 9 .6 8 0 .0
Stem 1 8 .3 2 9 .0 1 9 .%
Top 2 le a v e s 1 .0 0 . 7 0 .3
Lower le a v e s * - - -
R oots o . h 0 .6 0 . 3
N odules 0 .0 5 0 .0 3 0 .0 2
630
3 .2
0.6
0 .0 5
0.1
2 TO 
3 .6  
0 .3
0 .0 5
0 .0 3
%8 o
3 .2
0 . 2
0 .0 3
0 .0 5
Whole p l a n t
Sum o f  m e th a n o l s o lu b le  
r a d i o a c t i v i t y  e x t r a c t e d  
from  ea ch  p l a n t  p a r t
( d .p .m . X 10 ^
9 .9 6.0 T-T
( i )  R ecovery  o f  t h e  a p p l i e d  r a d i o a c t i v i t y  i n  m e th a n o l s o lu b le  e x t r a c t s  
o f  e a c h  p l a n t  was in  t h e  ra n g e  3%-59% ( r e s id u e s  n o t  m e a s u re d ) .
( i i )  ^ E x t r a c t  to o  h ig h ly  q u en ch ed  t o  m easu re  a c c u r a t e l y ,  b u t  o f  low 
a c t i v i t y .
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T able 1%
D i s t r i b u t i o n  o f  r a d i o a c t i v i t y  b e tw e en  t h e  aqu eo u s and  
a c i d i c  e t h e r  f r a c t i o n s  o f  ea ch  p l a n t .
P l a n t
F r a c t i o n a t e d  r a d i o a c t i v i t y  x 100
Com bined r a d i o a c t i v i t y  o f  
f r a c t i o n s
T o ta l  r a d i o a c t i v i t y  
i n  com bined 
f r a c t i o n s  
( d .p .m . X 10  ^ )
Aqueous PH3
A 7%.0 2 6 .0 9 .9
B 5%.5 %5.5 6 .0
C 7 0 .7 2 9 .3 7 .8
T a b le  15
D i s t r i b u t i o n  o f  r a d i o a c t i v i t y  b e tw e en  t h e  a c i d i c  e t h e r  and  
aqueous f r a c t i o n s  o f  t h e  s e p a r a te d  p l a n t  p a r t s .
P l a n t  p a r t
F r a c t i o n a t e d  r a d i o a c t i v i t y  x  100 
Combined r a d i o a c t i v i t y  o f  f r a c t i o n s
Aqueous PH3
A B C A B C
Fed  a p i c a l  b u d 8 1 .5 6 8 .8 8 0 .3 1 8 .5 3 1 .2 1 9 .7
Stem %2.5 2 0 .7 3 1 .5 5 7 .5 7 9 .3 6 8 .5
Top le a v e s  ( 2) 8 2 .3 82.% 8 8 .5 1 7 .7 1 7 .6 1 1 .5
Low er le a v e s 1 0 0 .0 N.D. 1 0 0 .0 0 .0 N.D. 0 .0
R oo ts 3%.2 2%.7 2 2 .7 6 5 .8 7 5 .3 7 7 .3
N odules 5 6 .2 1 9 .6 6%.2 %3.8 80.% 3 5 .8
( i )  N.D. -  no r a d i o a c t i v i t y  d e t e c t e d  i n  th e  e x t r a c t
T able l 6
R e la t iv e  d i s t r i b u t i o n  and  s p e c i f i c  a c t i v i t y  o f  a c i d i c  e t h e r  
s o lu b le  r a d i o a c t i v i t y .  P r o p o r t io n  o f  r a d i o a c t i v i t y  in  
s e p a r a t e  p l a n t  p a r t s  as p e rc e n ta g e  o f  w ho le  p l a n t  (sum  o f  
a c i d i c  e t h e r  s o lu b le  r a d i o a c t i v i t y  i n  each  p l a n t  p a r t ) .
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P l a n t  p a r t
A c id ic  e t h e r  s o lu b le  r a d i o a c t i v i t y
% o f  w ho le  p l a n t  
P l a n t  p a r t  d .p .m . x  100
Whole p l a n t  d .p .m .
A B
S p e c i f i c  a c t i v i t y
f d .p .m . / g .  f r e s h  w e ig h t 
[ t i s s u e  X 10“
A B
Fed a p i c a l  b u d  
Stem
Top 2 le a v e s  
Lower le a v e s  
R oots 
N odu les
57.%
%0 . 6
0 .7
0.0
1 .3
0 .0 9
%7.8
50.6
0 .3
N.D.
1 .3
0 .0 5
5 3 .7
%5.3
0.1
0.0
0 . 8
0 .0 3
1 1 7 .3
1 .8
0.1
0 . 0
0 .0 3
0 .0 5
83.%
2 . 8
0 .0 5
N.D.
0 . 0%
0 .0 3
95.%
2 . 2
0 . 0 2
0 . 0
0 .0 2
0 . 0 2
Whole p l a n t
Sum o f  a c i d i c  e t h e r  
s o lu b le  r a d i o a c t i v i t y  
e x t r a c t e d  from  e a c h  _g 
p l a n t  p a r t  (d .p .m .x lO  )
2.6 2 .7 2 .3
( i )  N.D. -  no r a d i o a c t i v i t y  d e t e c t e d  in  th e  e x t r a c t .
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F ig u re  10
T h in - l a y e r  ra d io c h ro m a to g ra m s  o f  a c i d i c  e t h e r  
e x t r a c t s  o f  s e p a r a t e d  p l a n t  p a r t s  from  p l a n t s  
t o  w h ich  5"^H“ 1AA h a d  b e e n  a p p l i e d  t o  t h e  a p i c a l  
b u d .
5 -% -lA A  (6  p c i  -  2 .1  X 10 ^ m m ol lAA) was a p p l i e d  
t o  t h e  a p i c a l  b u d  o f  6 p l a n t s  w h ich  w ere  h a r v e s t e d  i n  
p a i r s  (A , B and  C) 2% h o u rs  a f t e r  f e e d in g ,  f o r  
e x t r a c t i o n  an d  a n a l y s i s .
Chrom atogram  s o lv e n t  sy s te m : i s o p r a n o l :  ammonia : w a te r  : : 
8 :1 :1  v |v .
TLC m ark e r  s p o ts  r e p r e s e n t  t h e  R^ o f  ' c o l d ’ lAA added  
t o  an d  CO-c h ro m âto g ra p h e d w ith  t h e  e x t r a c t s .
A B C
72.0i 54.O1 62.O1
fed apical 
bud
CO
o
top
Leaves
X 0.3i
CL
"d
> -
t  52.0i
o
é
Q
<
CH
0.2
LL
0.6j 1“
 J r  ■ ,
lower
leaves
0
3.O1
96.0 62.0
stem
— a.
0
0.4
0
I J "1 j '1 [
k 1 l-l.Ji, I—L l
LL"Li."L_
roots
nodules
0 1.0 0 1.0 0 
Rf
1.0
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c o r r e s p o n d  w i th  t h e  lAA m a rk e r  p o s i t i o n  a n d  i n  A t h e r e  was an 
a d d i t i o n a l ;  l e s s  p o l a r  p e a k  w h ich  c o rre s p o n d e d  w i th  t h e  m ain  peak  
o f  r a d i o a c t i v i t y  i n  B . The m ain  peak  o f  r a d i o a c t i v i t y  i n  C was a t  
t h e  o r i g i n .  Two o f  th e  t h r e e  r o o t  e x t r a c t s  a l s o  show ed a c t i v i t y  
a t  th e  o r i g i n .
3 .2  A p p l i c a t io n  t o  r o o t  n o d u le s
P l a n t s  w ere  grown i n  w a te r  c u l t u r e  in  a  c o n t r o l l e d  e n v iro n m e n t 
c a b in e t  ( p h o to - p e r io d  l 6 h ,  19°C ; d a rk  p e r i o d  8 h , 1 5 °C ) , o r  w e re  
t r a n s f e r r e d  t o  t h e s e  c o n d i t i o n s ,  from  th e  g la s s h o u s e ,  12-2T  days 
p r i o r  t o  t h e  e x p e r im e n t .  M ic r o p ip e t te s  c o n ta in in g  3% ~58yC i l a b e l  
( i . e .  1 .4  -  2 .3  X 10  ^ mmol lAA) in  5“ 10 20% aqu eo u s e th a n o l  w ere
i n s e r t e d  i n t o  a  s i n g l e  r o o t  n o d u le ,  o r  i n t o  one lo b e  o f  a  n o d u le  
c l u s t e r ,  o f  t h r e e  p l a n t s  i n  ea ch  o f  f o u r  e x p e r im e n ts .  U ptake  o f  
t h e  l a b e l  v a r i e d ,  b u t  i n  m ost p l a n t s  was c o m p le te d  w i th in  5§ h o u r s , 
i n  one q u a r t e r  o f  t h e  p l a n t s  w i th in  12 -1 8  h o u rs  b u t  i n  one p l a n t  i t  
was n o t  c o m p le te d  b y  h a r v e s t  ( s e e  T a b le  17 ) .  The t h r e e  p l a n t s
in  ea ch  e x p e r im e n t  w ere  h a r v e s t e d  i n d i v i d u a l l y  2%-26 h o u rs  a f t e r  
b e g in n in g  th e  a p p l i c a t i o n  o f  l a b e l ,  e x t r a c t s  w ere  p r e p a r e d  as 
d e s c r ib e d  i n  S e c t io n  1 an d  a l i q u o t s  o f  t h e  a c i d i c  e t h e r  f r a c t i o n  
w ere  a n a ly s e d  b y  TLC an d  p r e p a r a t i v e  HPLC. The r a d i o a c t i v i t y  o f  
th e  r e s i d u e ,  re m a in in g  a f t e r  aqueous m e th a n o l e x t r a c t i o n ,  was 
m ea su red  u s in g  l i q u i d  s c i n t i l l a t i o n  sam ple  o x i d a t io n .
R e s u l ts
L o c a t io n  o f  r a d i o a c t i v i t y
M ethano l s o lu b le  r a d i o a c t i v i t y  was d e te c te d  i n  a l l  p a r t s  o f  t h e  
a ld e r  p l a n t  a f t e r  l a b e l l e d  lAA h a d  b e e n  a p p l i e d  v i a  a  r o o t  n o d u le  
(T a b le  l 8  ) .  The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y ,  i n  t h e  s e p a r a te d
p l a n t  p a r t s ,  v a r i e d  b o th  b e tw e en  t h e  r e p l i c a t e  p l a n t s  i n  each  
e x p e r im e n t and  b e tw e e n  e x p e r im e n ts .
8 i
T able 17
R a te  o f  a b s o r p t io n  o f  5“ H-IAA a p p l i e d  b y  
m ic r o p ip e t t e  t o  a  r o o t  n o d u le  .
Time 
o f  5-
( h o u rs )  f o r  a b s o r p t io n  
-^H-IAA by  f e d  n o d u le
Volume i n  w h ich  
l a b e l  a p p l i e d  
( 20% aqueous 
e t h a n o l )
P l a n t A B G
E x p e rim e n t 1 1 .5 1 .5 1 .5 10
2 5 .5 5 .5 26 5
3 3 .5 16 18 5
4 < 4 .0 12 0 .2 5
T h ere  was no c o n s i s t e n t  c o r r e l a t i o n  b e tw een  t h e  t im e  ta k e n  f o r  
t h e  a b s o r p t io n  o f  l a b e l  b y  t h e  f e d  n o d u le  (T a b le  17 ) and  t h e  
s u b s e q u e n t  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  t h e  p l a n t .  A lth o u g h  m ost 
o f  t h e  m e th a n o l s o lu b l e  r a d i o a c t i v i t y  w hich  was p r e s e n t  i n  e a ch  p l a n t  
( d e r iv e d  b y  sum m ation o f  t h e  m e th a n o l s o lu b le  r a d i o a c t i v i t y  o f  each  
p l a n t  p a r t )  was r e t a i n e d  w i t h in  th e  f e d  n o d u le  (2%~98%), s i g n i f i c a n t  
p r o p o r t io n s  w ere  d e te c te d  i n  t h e  r o o ts  (0 .8 -% 7% ), l e a v e s  (1-23% ) and  
th e  s te m  (0 .4 -1 9 % ). The u n fe d  n o d u le s  c o n ta in e d  o n ly  a  s m a l l  
p r o p o r t io n  o f  t h e  t o t a l  m e th a n o l s o lu b le  r a d i o a c t i v i t y  (0 .0 5 -3 .4 % ) ,  
e x c e p t  f o r  one p l a n t  i n  e x p e r im e n t  1 . S e p a ra te  a n a ly s i s  o f  th e  
b a r k  and  wood show ed no  d i f f e r e n c e  b e tw e en  th e  l e v e l s  o f  r a d i o a c t i v i t y  
in  t h e  c o n d u c tin g  t i s s u e s  o f  t h e  s te m . G e n e r a l ly ,  lo w e r  l e v e l s  o f  
r a d i o a c t i v i t y  w ere  d e t e c t e d  i n  t h e  s h o o t  an d  i n  t h e  u n f e d  n o d u le s .
The s p e c i f i c  r a d i o a c t i v i t i e s  o f  m e th a n o lic  e x t r a c t s  o f  th e  
s e p a r a te  p l a n t  p a r t s  (T a b le  19 ) ,  a l th o u g h  v a r i a b l e ,  do s u g g e s t  some
a c c u m u la t io n  o f  r a d i o a c t i v e  m e ta b o l i te s  i n  t h e  a p i c a l  b u d s ,  s in c e  in  
5 o u t  o f  12 p l a n t s  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  m e th a n o l s o lu b le  
a p i c a l  b u d  e x t r a c t s  was a s  g r e a t  a s , o r  g r e a t e r  th a n  t h a t  o f  th e  o th e r  
p l a n t  p a r t s  ( e x c lu d in g  th e  f e d  n o d u le ) .  The b a r k  an d  wood w ere  b o th  
o f  s i m i l a r  s p e c i f i c  a c t i v i t y ,  c o n f irm in g  t h a t  t h e r e  w ere  no d i f f e r e n c e s
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T able l 8
R e la t iv e  d i s t r i b u t i o n  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y .  
P r o p o r t io n  o f  r a d i o a c t i v i t y  i n  s e p a r a te  p l a n t  p a r t s  as 
p e r c e n ta g e  o f  w ho le  p l a n t  (sum o f  m e th a n o l s o lu b l e  r a d io ­
a c t i v i t y  o f  e a ch  p l a n t  p a r t ) .
P l a n t  p a r t
% o f  w ho le  p l a n t  m e th a n o l s o lu b le  r a d i o a c t i v i t y
/ p l a n t  p a r t  d .p .m . x  lOOA 
Vcom bined p l a n t  p a r t  d .p .m . /
EXPERIMENT 1 EXPERIMENT 2
A B C A B C
Fed n o d u le 2 3 .5 7 8 . 3 5 6 .3 9 6 . 4 8 8 . 7 9 7 . 7
R oots 4 7 .0 1 6 . 5 37 .5 0 . 9 2 .6 0 .8
Le aves 6 .2 2 . 7 4 .6 1 .2 5 .8 1 .0
Stem 5 . 7 1 . 7 1 .4 1 .4 2 .1 0 .4
N odu les 1 7 . 4 0 .8 0 . 2 0 . 0 5 0 . 7 0 . 0 5
A p ic a l  b u d 0 .2 0 .0 1 0 . 0 6 0 . 0 5 0 .0 3 0 .0 2
EXPERIMENT 3 
A B
E x p e rim e n t 4
A B
Fed n o d u le 9 0 . 1 82 .0 5 0 .1 3 2 .6 5 8 .2 7 1 .6
R oots 5 . 1 5 . 5 1 5 . 1 3 1 .3 1 6 . 4 7 . 4
L eaves 3 .4 8 .9 1 5 .2 2 3 .0 1 5 . 0 1 6 . 6
Stem  -  b a rk   ^
-  wood 1 .3 3 .4 1 9 . 3
4 .4
5 .0
3 . 9
3 .9
1 .6
2 .4
N odules 0 .1 0 .2 0 .2 3 .4 2 .6 0 .3
A p ic a l  b u d 0 .1 0 .1 0 .0 0 4 0 .2 0 .2 0 .2
Sum o f  m e th a n o l s o lu b l e  r a d i o a c t i v i t y  e x t r a c t e d  
from  e a ch  p l a n t  p a r t  ( d .p .m . x  10 )
EXPERIMENT 1 2 3 4
A 1 2 . 5 2 5 .9 2 1 . 5 4 6 .9
Whole p l a n t  B 1 0 .4 2 3 .1 2 8 . 1 4 0 .9
G 1 3 . 7 2 6 . 7 3 3 .8 2 8 . 6
( i )  R ecovery  o f  a p p l i e d  r a d i o a c t i v i t y  from  ea ch  p l a n t  ( r e s id u e s  in c lu d e d )  
EXPERIMENT 1 17-19% i EXPERIMENT 2 53 ~ 68%
EXPERIMENT 3 37-43% ; EXPERIMENT 4 39 "  59% .
T able IQ
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The s p e c i f i c  r a d i o a c t i v i t y  o f  m e th a n o l 
s o lu b le  e x t r a c t s  o f  t h e  s e p a r a te d  p l a n t  
p a r t s .
P l a n t  p a r t ( d .p .m .
S p e c i f i c  a c t i v i t y  
/ g .  f r e s h  w e ig h t t i s s u e  x  10 - 5 )
EXPERIMENT 1 EXPERIMENT 2
A B C A B C
Fed n o d u le 2100 2700 3840 15600 3600 4400
R oots 16 3 .8 7 . 8 0 .3 0 . 5 0 . 2
L eaves 1 . 8 0 . 7 1 .6 1 .1 3 .8 0 .6
Stem  ■ 3 .6 0 .8 0 . 7 1 ,4 1 .5 0 .3
N odu les 77 2 . 9 1 .3 1 . 7 0 .8 0 .2
A p ic a l  b u d 2 .1 0 .2 1 .2 0 .4 4 .5 0 . 5
EXPERIMENT 3 EXPERIMENT 4
A B C A B c
Fed n o d u le 190 920 230 660 2200 1300
R oots 0 .2 0 . 7 18 24 18 2 .1
L eaves o.oU 0 .0 2 0 .6 8 .4 4 .8 2 .8
Stem  -  b a rk } 0 .0 2 0 .3 0 .8 1 0 .1 6 .8 2 .1-  wood 9 . 7 5 . 3 2 .4
N odu les 0 .2 0 .0 4 0 . 0 3 17 7 .9 0 . 7
A p ic a l  b u d 1 .8 1 .8 0 .1 3 .4 5 .9 3 . 7
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i n  t h e  d i s t r i b u t i o n  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  b e tw e e n  th e  
c o n d u c tin g  t i s s u e s  o f  th e  s te m .
The n a tu r e  o f  t h e  m e th a n o l s o lu b le  r a d i o a c t i v i t y  was i n v e s t i g a t e d  
f u r t h e r ,  t o  d e te rm in e  w h e th e r  t h e r e  w ere  d i f f e r e n c e s  i n  m e ta b o lism  
o f  t h e  t r a n s l o c a t e d  l a b e l  i n ,  o r  en r o u te  t o ,  t h e  v a r io u s  p l a n t  p a r t s .  
I n i t i a l l y ,  t h e  aqueous p h a se  o f  t h e  m e th a n o lic  e x t r a c t s  o f  th e  
s e p a r a te d  p l a n t  p a r t s  was p a r t i t i o n e d  a g a in s t  e t h e r  a t  pH3 (an d  pH8 
i n  e x p e r im e n t l ) ,  and  t h i s  p ro d u c e d  fo u r  f r a c t i o n s ,  w h ich  b e tw e en  th em , 
c o n ta in e d  th e  t o t a l  r a d i o a c t i v i t y  o f  each  p l a n t  p a r t  (T a b le  20 and  
A ppendix  T a b le  2 a , b ) .  The v a r i a b i l i t y  o f  t h e s e  r e s u l t s ,  o b s e rv e d
b e tw e en  p l a n t s ,  b o th  w i th in  an d  b e tw e en  e x p e r im e n ts ,  may h av e  o b s c u re d  
d i f f e r e n c e s  i n  t h e  p a r t i t i o n i n g  o f  t h e  p l a n t  o rg a n  r a d i o a c t i v i t y .  
H ow ever, i n  a l l  e x t r a c t s ,  a  m a jo r  p a r t  o f  t h e  r a d i o a c t i v i t y  re m a in e d  
i n  t h e  aqueous f r a c t i o n  ( 25- 83%).
Any lAA p r e s e n t  i n  t h e  p l a n t  t i s s u e s  w o u ld  p a r t i t i o n  i n t o  t h e  
a c i d i c  e t h e r  f r a c t i o n .  The r e l a t i v e  d i s t r i b u t i o n  o f  t h i s  r a d i o a c t i v i t y  
b e tw een  t h e  p l a n t  p a r t s  i s  shown as a  p e r c e n ta g e  o f  t h a t  i n  t h e  w hole  
p l a n t  ( d e r iv e d  b y  sum m ation o f  t h e  a c i d i c  e t h e r  s o lu b l e  r a d i o a c t i v i t y  
o f  e a c h  p l a n t  p a r t ) ,  i n  T a b le  21 . H ig h e s t  l e v e l s  w ere  p r e s e n t  in  
t h e  f e d  n o d u le s  ( 26- 80% ), w i th  d e c r e a s in g  a c t i v i t y  i n  t h e  r o o ts  (3 -4 6 % ), 
le a v e s  ( l -1 9 % ) , s te m  (0 .9 -4 l% )  an d  u n fe d  n o d u le s  (0 .0 4 -1 0 % ). The 
b a r k  an d  th e  w ood, w h ich  w ere  s e p a r a t e l y  a n a ly s e d ,  b o th  c o n ta in e d  
s i m i l a r  l e v e l s  o f  a c i d i c  e t h e r  s o lu b l e  r a d i o a c t i v i t y .
C a lc u la t i o n  o f  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  a c id i c  e t h e r  
f r a c t i o n  o f  t h e  p l a n t  p a r t s ,  show ed t h a t  t h e  r o o t s  c o n ta in e d  th e  
h i g h e s t  c o n c e n t r a t io n  o f  i s o to p e  in  e x p e r im e n ts  1 , 3  and  4 ,  i n  7 o u t  
o f  9 p l a n t s  ( e x c lu d in g  t h e  f e d  n o d u le ) .  In  e x p e r im e n t  2 ,  h o w e v e r, 
w here  movement o f  r a d i o a c t i v i t y  from  th e  f e d  n o d u le  was much more 
l i m i t e d ,  t h e  h i g h e s t  s p e c i f i c  r a d i o a c t i v i t y  o f  any p l a n t  p a r t  
( e x c lu d in g  t h e  f e d  n o d u le )  was shown b y  t h e  u n fe d  n o d u le s  , fo llo w e d  
by  th e  l e a v e s  and  t h e  s te m , w h ereas  th e  r o o t s  show ed t h e  lo w e s t  
s p e c i f i c  a c t i v i t y  ( 6- 5O t im e s  lo w e r  th a n  th e  u n fe d  n o d u le s .  T a b le  2 2 ) .
T able 20
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D is t r ib u t io n ,  fo llo w in g  s o lv e n t  p a r t i t i o n in g ,  
o f  th e  r a d i o a c t i v i t y  o f  se p a r a te d  p la n t  p a r ts  
betw een  ? aq u eou s, b a s ic  e t h e r ,  a c id ic  e th e r  
and r e s id u a l  f r a c t io n s .
% o f  p la n t  p a r t  r a d io a c t iv i t y  p a r t i t io n e d  in to
P la n t p a r t fo u r „_ . . (F r a c tio n a te d  r a d i o a c t i v i t y  x  100 1 i r a c p io n s .  IcQj^^i^ed r a d i o a c t i v i t y  o f  f r a c t io n s  J
Aqueous pH8 ........ .
Experim ent 1 2 3 4 1 2  3 4
Fed n od u le 8 3 .1 5 9 .1 4 9 .2 5 3 .2 4 .8
R oots 7 1 .4 61 .2 2 4 .9 5 5 .5 8 .0
Leaves 4 4 .4 3 4 .4 4 7 .1 7 2 .0 1 .4
Stem -  bark  
-  wood
} 5 1 .9 5 2 .1 3 5 .5
7 1 .6
6 8 .8
4 .4
N odules 4 6 .2 3 6 .7 3 4 .4 39 .4 1 7 .6
A p ic a l bud 3 0 .2 0 .2
pH3 Res id u e
Experim ent 1 2 3
— ^  ....
1 2 3 ■4
Fed n od u le 9 .9 0 .3 1 1 .9 l 4 . 4 2 .0 4 0 .6 38 .9 32.4
Roots 1 3 .3 1 .5 5 4 .3 2 1 .5 7 .3 3 7 .3 2 2 .8 2 3 .0
Leaves 2 .7 1 .7 9 .9 7 .4 5 1 .5 63 .8 43 .0 2 0 .6
Stem -  bark } 8 .3 1 .5 3 0 .9
1 2 .2 3 5 .2 4 6 .5 3 3 .6
16 .1
-  wood 1 2 .4 1 8 .8
N odules 3 .6 4 .8 6 .9 7 .1 3 2 .7 58 .5 58.7 53.5
A p ic a l bud 0 .4 69 .1  
■...........
—
( i )  -  r a d io a c t iv i t y  l e v e l  o f  e x tr a c t  to o  low  f o r  a n a l y s i s .
( i i )  Data are  means from 3 r e p l i c a t e  p la n ts  p er  experim en t  
( s e e  Appendix T ab le 2a  ,b ) .
( i i i )  S o lv e n t  p a r t i t io n in g  a t  pH8 was conducted  o n ly  in  experim ent 1 .
T ab le 21
R e la t iv e  d i s t r ib u t io n  o f  a c id ic  e th e r  s o lu b le  
r a d i o a c t i v i t y .  P r o p o rtio n  o f  r a d i o a c t i v i t y  in  
se p a r a te  p la n t  p a r ts  a s p e r c e n ta g e  o f  w h ole  
p la n t  (sum o f  a c id ic  e th e r  s o lu b le  r a d i o a c t i v i t y  
o f  each  p la n t  p a r t ) .
86
P la n t  p a r t
% o f  w h ole  p la n t  a c id ic  e th e r  s o lu b le  r a d i o a c t i v i t y
fP la n t  p a r t  d .p .m , x  100 1 
(Combined p la n t  p a r t d .p .m , J
EXPERIMENT 1 EXPERIMENT 2
A B C A B C
Fed n od u le 3 7 .T 7 4 .9 6 3 .9 8 0 .1 6 3 .8 7 7 .7
R oots 4 5 .5 18 .8 3 3 .0 2 .8 3 .3 7 .0
Leaves 1 .0 3 .1 2 .1 9 .0 1 9 .0 1 3 .0
Stem 5 .4 2 .3 0 .9 6 .9 9 .6 1 .4
N odules 1 0 .4 1 .0 0 .1 1 .2 4 .2 1 .0
A p ic a l bud 0 .0 4 0 .0 0 .0 1 — •*" —
EXPERIMENT 3 EXPERIMENT 4
A B C A B C
Fed n od u le T 9.7 7 1 .8 2 5 .8 2 5 .6 6 9 .4 7 7 .4
R oots 1 7 .3 1 7 .1 2 2 .1 4 1 .6 1 6 .9 1 1 .5
L eaves 1 .4 6 .6 1 0 .8 1 7 .5 7 .3 7 .9
Stem -  bark } 1 .6 4 .3 4 l . l 4 .9 2 .8 1 .4
-  wood 5 .8 3 .0 1 .7
N odules 0 ,0 4 0 .2 0 .1 4 .7 0 .7 0 .2
Sum o f  a c id ic  e th e r  s o lu b le  r a d i o a c t i v i t y  
e x tr a c te d  from each  p la n t  p a r t (d .p .m . x  10 )
EXPERIMENT 1 2 3 4
A 1 .1 0 .2 5 .3 6 .5
Whole p la n t  B 0 .8 0 .1 6 .0 11
C 1 .2 0 .1 12 4 .9
( i )  -  r a d i o a c t i v i t y  le V e l  o f  e x tr a c t  to o  low  f o r  a n a ly s is
T ab le 22
The s p e c i f i c  r a d i o a c t i v i t y  o f  a c id ic  e th e r  
s o lu b le  e x t r a c t s  o f  t h e  se p a r a te d  p la n t  p a r t s .
8T
P la n t  p a r t
S p e c i f i c  a c t i v i t y
— 5
( d .p .m ./g .  f r e s h  w e ig h t t i s s u e  x  1 0  )
EXPERIMENT 1 EXPERIMENT 2
A B c A B C
Fed n od u le 3 0 0 1 9 0 4 o o 1 0 0 1 5 l 6
R oots 1 . 4 0 . 3 0 . 6 0.006 0 . 0 0 4 0 . 0 0 9
L eaves 0 . 0 3 o . o 6 0.06 0 . 0 7 0 . 0 7 0 . 0 3
Stem 0 . 3 0 , 0 8 0 . 0 4 0 . 0 5 0 . 0 4 0 . 0 0 5
N odules 4 . 1 0 . 3 o . o 6 0 . 0 8 0 . 2 0 . 0 5
A p ic a l bud 0 . 0 3 0 . 0 0 . 0 3 — ""
EXPERIMENT 3 EXPERIMENT 4
A B c A B c
Fed n od u le 1 5 0 370 1 4 0 1 0 0 9 9 0 34o
R oots 0 . 9 1 . 2 1 2 9 . 8 6 . 9 0 . 8
Leaves o . o 4 0 . 2 0 . 5 1 . 3 0 . 9 0 . 3
Stem -  bark }  0 . 1 0 . 3 5 . 3 2 . 2 1 . 9 0 . 5
~ wood 2 . 2 1 . 6 0 . 4
N odules 0 . 0 2 0 . 0 7 0 . 0 7 4 . 6 0 . 8 0 . 1
( i )  -  r a d i o a c t i v i t y  l e v e l  o f  e x tr a c t  to o  low  fo r  a n a l y s i s .
A n a ly s is  o f  a c id ic  e th e r  s o lu b le  r a d io a c t iv i t y
(a )  T h in - la y e r  chrom atography
T h in - la y e r  chrom atogram s, show ing th e  d i s t r ib u t io n  o f  r a d io ­
a c t i v i t y  in  th e  a c id ic  e th e r  f r a c t io n  o f  th e  d i f f e r e n t  p la n t  t i s s u e s  
in  t h e  fo u r  e x p e r im e n ts , form ed tw o groups (F ig u r e  11 ) .  In
group I  (chrom atogram s from experim en t l ) ,  th e  Rp v a lu e s  o f  th e  
m ajor zones o f  r a d i o a c t i v i t y  corresp on d ed  w ith  th o s e  o f  th e  a p p lie d  
5-^H-lAA s o lu t i o n ,  and th e  p o s i t io n  o f  t h e  'c o ld '  lAA m arker was 
s im i la r  t o  t h a t  o f  th e  main peak o f  r a d i o a c t i v i t y .  Chromatograms 
o f  e x t r a c t s  from exp er im en ts 2 ,  3 and 4 ,  d i f f e r e d  from th o s e  o f  
group I ,  in  t h a t  a secon d  group o f  r a d io a c t iv e  p e a k s , w ith  h ig h e r  
Rp v a lu e s , was much more p rom in en t.
In m ost o f  th e  e x t r a c t s ,  th e  'co ld *  lAA marker corresp on d ed  
w ith  t h e  f i r s t  group o f  r a d io a c t iv e  p e a k s . A lthough  t h e  o v e r a l l  
p a tte r n  o f  d i s t r ib u t io n  o f  r a d io a c t iv i t y  on chromatograms o f  
e x tr a c t s  o f  r e p l i c a t e  p la n t  p a r ts  was s im i la r ,  th e  r e l a t i v e  p r o p o r tio n s  
o f  th e  r a d io a c t iv e  peaks v a r ie d ;  t h i s  was p a r t ic u la r ly  n o t ic e a b le  
in  exp erim en t 2 ,  Chromatograms o f  a number o f  p la n t  p a r t  e x tr a c t s  
were a t y p ic a l  in  s e v e r a l  r e s p e c t s ,  nam ely:
(1 )  Root e x t r a c t s : -  Chromatograms o f  e x tr a c t s  w ere s im i la r  t o  th a t  
o f  th e  a p p lie d  l a b e l  e x c ep t f o r  2B , 2C and 4 c  in  w h ich  th e  secon d  
group o f  r a d io a c t iv e  peaks was prom inent o r  predom inan t,
(2 )  L ea f e x t r a c t s : -  The lAA marker in  chromatograms o f  e x tr a c t s  
from p la n t s  3A and 3B was o f  h ig h e r  Rp v a lu e  th an  u s u a l .
(3 )  Fed n o d u le  e x t r a c t s : -  A l l  chromatograms showed a peak o f  a c t i v i t y  
a t  th e  o r ig in .
( 4 )  U nfed n o d u le  e x t r a c t s : -  The chromatogram o f  th e  e x tr a c t  from  
p la n t  3A s u g g e s te d  a g r e a te r  l e v e l  o f  m etab o lism  o f  t h e  l a b e l .
There w ere no o b v io u s d i f f e r e n c e s  in  th e  d i s t r ib u t io n  o f  r a d io ­
a c t i v i t y  on chromatograms o f  th e  bark and wood, when t h e s e  were  
a n a ly se d  s e p a r a te ly  in  exp erim en t 4 .
The p r o p o r tio n  o f  e lu te d  r a d io a c t iv i t y  p r e s e n t  a t  t h e  p o s i t io n  
o f  th e  'co ld *  lAA m arker in  each  o f  th e  e x t r a c t s ,  i s  shown in  
Table 23 . In group I ,  th e  range o f  r a d i o a c t i v i t y  p r e se n t
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F ig u re  11
T h in - l a y e r  rad io c h ro m a to g ra m s  o f  a c id i c  e t h e r  
e x t r a c t s  o f  p l a n t s  f e d  5- ^H-lAA v i a  a  r o o t  
n o d u le .
5-3H-1AA. ( 34-58  yCi -  1 .4  -  2 .3  x  10“ ^ mmol lAA) 
was a p p l i e d  t o  a  r o o t  n o d u le  on ea ch  o f  t h r e e  
p l a n t s  in  f o u r  s e p a r a te  e x p e r im e n ts .  P l a n t s  
( a ,  B and  C i n  e a ch  e x p e r im e n t)  w ere  h a r v e s t e d  
i n d i v i d u a l l y  24 -26  h o u rs  a f t e r  f e e d in g ,  an d  
d iv id e d  i n t o  p a r t s  f o r  e x t r a c t i o n  and  a n a l y s i s . 
Chrom atogram  s o lv e n t  sy s te m : iso p ro p a n o l:a m m o n ia ; 
w a te r  : : 8 ; 1 : 1 v jv .
TLC m a rk e r  s p o ts  r e p r e s e n t  t h e  Rp o f  ' c o l d ’ lAA 
c h ro m a to g ra p h ed  a lo n g s id e  t h e  e x t r a c t s .
EXPERIMENT 1
7.5i 2Â^ -  3.0
„  , _  , _  -  s t e m
I
o
X 0
30.Ü1 - 0.9i = 0.3-
nodul esiL lL
4.5- I 9.0j -  18.0j I
. iu  LL  L L
0 1.0 0 1.0 0 1.0
R f
EXPERIMENT 2
A B C  
1.8-1 -  1.8-1 | -  3.0-1 -iLliilL-
i Ik "LIL Li. -
2.5i 1.5i ■- 0.8-1 -
nodules
' "IL "iiL m -0-
18,0i -  9.0i -  .  12.0-.Li Li Li
0 1.0 0 1.0 0 1.0
Rf
fed
n o d u le
EXPERIMENT 3
A B C  
I.O'i -  4.0i -  1.6-j I
,Lu Li L u0 -
30.0i 9 0 i  -  4.5-n “  y.u-i .3 1I .LL LU- Lli
0.5-1 -  3.01 -  2.5j -
I .L i Lk. L L  “ ■
<  IZ.Oi -  30.0-1 1  81.0
I I I  root s
\ L0
15.0i -  .  18.0-1 -  21.0.ilL UwL Lii
0 1.0 0 1.0 0 1.0
R f
fe d
n o d u le
E X P E R IM E N T  4
A B
5.O1 -  I 5.01 -  1.5-
Lii Ui LÜ leaves
U L ' U l ' U L
stem  
-  w o o d
T  0-
o
^  2.4i -  2.0i .  0.8-LLL U L  LLl
:LL"Uk"LJ
stem 
-  bark
u  
<o
Q  
<
17.O1 : lo.Oi ■ 10.0
[ L i L V U
roots
0-
T S i -  _ 2 0 .0 i  -  I  10.0-1 -  I.ULLlLLii
0 1.0 0 1.0 0 1.0
Rf
fe d
n o d u le
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in  th e  lA/V r e g io n  was betw een  37 and 70%, w hereas in  group I I  
th e  range was betw een  13 and 76%. Root e x t r a c t s  c o n ta in e d
th e  h ig h e s t  p r o p o r tio n  o f  r a d i o a c t i v i t y  in  th e  lAA r e g io n ,  in
o f
group I  w ith  a  ra n g e  ^52- 70  ^ and in  group I I  w ith  a ran ge o f  .
(b ) H igh-perform ance l i q u i d  chrom atography
G reater  r e s o lu t io n  o f  th e  range o f  r a d io a c t iv e  m e t a b o l it e s  
p r e s e n t  in  t h e  a c id ic  e th e r  s o lu b le  p la n t  e x t r a c t s ,  was sou gh t  
by a d d it io n a l  a n a ly s is  u s in g  p r e p a r a t iv e  HPLC (F ig u r e  12 ) .
With t h e  e x c e p t io n  o f  lAA, th e  n a tu r e  o f  th e  r a d io a c t iv e  peaks  
e lu te d  from th e  HPLC column has n o t y e t  been  e s t a b l i s h e d ,  a lth o u g h  
some in d ic a t io n  o f  t h e i r  p o s s ib le  i d e n t i t y  can  be o b ta in e d  from a 
com parison w ith  th e  r e t e n t io n  t im e s  o f  s ta n d a r d s , run on a s im i la r  
g r a d ie n t  (F ig u re  13 ) .  A n a ly ses  o f  r e la t e d  sam ples were 
o c c a s io n a l ly  s e p a r a te d  by a few  months b eca u se  o f  l im i t a t io n s  
on t h e  a v a i l a b i l i t y  o f  th e  HPLC. To e s t a b l i s h  t h e  n a tu r e  o f  
changes in  e lu t io n  p a t te r n s  which m ight o ccu r  w ith  t im e  due b o th  
t o  changes in  th e  e x tr a c t s  d u rin g  p ro lon ged  s t o r a g e ,  and t o  v a r ia t io n  
in  HPLC column p erform an ce , two e x t r a c t s  o f  f e d  n o d u le s  from  
exp erim en t 2 ( [ i ] , p la n t s  A and B , f ig u r e  I 2 ) w ere re-chrom atographed  
18 months a f t e r  th e  i n i t i a l  a n a ly s e s  ( [ i i ]  , p la n t s  A and B ,
F ig u re  1 2  ) .  The number and r e te n t io n  t im e s  o f  th e  r a d io a c t iv e  
peaks w ere n o t g r e a t ly  a l t e r e d ,  a lth o u g h  t h e r e  was a s l i g h t  
d e t e r io r a t io n  o f  column perform ance which le d  t o  some b road en in g  
o f  th e  peaks and l o s s  o f  r e s o lu t io n ,
A m u lti-com p on en t peak was p r e s e n t  a t  th e  lAA e lu t io n  p o in t  
in  each  sam ple run; com parison o f  th e  r e te n t io n  t im e s  o f  th e  
component peaks in  d i f f e r e n t  e x t r a c t s ,  s u g g e s te d  t h e  p r e se n c e  o f  
a t  l e a s t  f i v e  compounds. H owever, th e  in c lu s io n  o f  a 'c o ld '  lAA 
m arker in  each  sam ple ru n , en ab led  th e  lAA e lu t io n  p o in t  t o  b e  
d is t in g u is h e d  from th e  o th e r  com ponents o f  th e  com plex.
The p r o p o r tio n  o f  r a d i o a c t i v i t y  which e lu te d  w ith  th e  lAA 
m arker i s  shown, f o r  each sam p le , in  T ab le 2k  . Com parison w ith  
T ab le 23  » shows th a t  th e  p r o p o r tio n  o f  e lu te d  r a d i o a c t i v i t y  a t  
th e  lAA m arker p o s i t i o n  a f t e r  TLC a n a ly s is  was 2 -8  t im e s  h ig h e r  
th an  t h a t  a f t e r  p r e p a r a t iv e  HPLC a n a ly s i s .  Of a l l  th e  e x t r a c t s ,  
th e  r o o ts  a g a in  c o n ta in e d  th e  l a r g e s t  p r o p o r tio n  o f  e lu te d  r a d io ­
a c t i v i t y  ( 3- 69%) co rresp o n d in g  t o  lAA, a lth o u g h  t h e r e  was
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F ig u re  12
P r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  rad io c h ro m a to g ra m s  
o f  a c id i c  e t h e r  e x t r a c t s  o f  p l a n t s  f e d  5“ ^H“ 1 M  v i a  a  j.uo 
r o o t  n o d u le .
9- % -lA A  {3k  -  58 p C i— l . k  -  2 .3  x  l o ” ^ mmol I M )  
was a p p l i e d  t o  a  r o o t  n o d u le  on e a ch  o f  t h r e e  p l a n t s  
i n  f o u r  s e p a r a te  e x p e r im e n ts .  P l a n t s  (A,B and  C i n  
each  e x p e r im e n t)w e re  h a r v e s t e d  i n d i v i d u a l l y  24 -2 6  h o u rs  
a f t e r  f e e d in g  and  d iv id e d  i n t o  p a r t s  f o r  e x t r a c t i o n  
an d  a n a l y s i s .
Arrows r e p r e s e n t  t h e  e l u t i o n  p o i n t  o f  'c o ld *  lAA 
added  t o  and  c o -c h ro m a to g ra p h e d  w i th  t h e  e x t r a c t s .
C olum n:- P a r t i s i l  10 o r  20 
Column t e m p e r a t u r e : -  30 ± 0 .5^C
S t a t i o n a r y  p h a s e : -  40^ 0 .5  M fo rm ic  a c id  o r  40% IM
a c e t i c  a c id  g r a  
M obile  p h a s e : -  G ra d ie n t  o f  50-79% e t h y l  a c e t a t e  i n  
h ex an e  i n  40 m in u te s , e x te n d e d  when 
r e q u i r e d  t o  100% e t h y l  a c e t a t e  i n  
h ex an e
Flow r a t e : -  M o b ile  p h a se  4 .6  ± 0 .1  m l,im in7^.
“ 1s c i n t i l l a n t  2 .0  + 0 ,1  m l/m in . •
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F ig u re  13
P r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  chrom atogram  
o f  a c i d i c  and  n e u t r a l  in d o le s  as d e t e c t e d  hy  U.V. 
a h s o rh a n c e .
Column: -  P a r t i s i l  20
Column t e m p e r a t u r e : -  30 ± 0 .5 °C
S t a t i o n a r y  p h a s e : -  0 .5  M fo rm ic  a c id
M obile  p h a s e : -  g r a d i e n t  o f  50-79% e t h y l  a c e t a t e  i n
hex an e  i n  40 m in u te s
Flow r a t e : -  m o b ile  p h a se  h .6  ± 0 .1  m l. m in ^
—1s c i n t i l l a n t  2 .0  ± 0 .1  m l. min 
S a m p le :-  in d o le  -  3 -  a c e t o n i t r i l e  ( I M )  
in d o le  -  3 ”  a c e t i c  a c id  (lAA.) 
i n d o le  -  3 -  c a r b o x y l ic  a c id  (ICA) 
in d o le  -  3 -  l a c t i c  a c id  (iLA )
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c o n s id e r a b le  v a r ia t io n  b etw een  th e  e x t r a c t s .  The l e a f  e x tr a c t s  
co n ta in e d  t h e  l e a s t  amount o f  lA A - lik e  a c t i v i t y  ( 1 -12^  ) .  L east
v a r ia t io n  betw een  e x t r a c t s  o c cu rred  in  t h e  fe d  n o d u les  
(3 -1 0 ^ .) . Stsai e x t r a c t s  had a  range o f  lA A - lik e  a c t i v i t y  o f  
15%;sep a ra te  a n a ly s is  o f  bark  and wood r e v e a le d  no d i f f e r e n c e s  
betw een  th e  stem  t i s s u e s .  The u n fed  n o d u les  w ere o f  g e n e r a l ly  low  
a c t i v i t y ,  w hich  p r e v e n te d  HPLC a n a ly s is  o f  a l l  b u t t h r e e  e x t r a c t s .  
T hese gave v a r ia b le  r e s u l t s  w hich showed two e x t r a c t s  w ith  low
lA A - lik e  r a d i o a c t i v i t y  and one e x tr a c t  w ith  a much h ig h e r  
l e v e l  (23-38% ).
The HPLC r a d i o a c t i v i t y  m on itor  t r a c e s  s u g g e s t  th e  p r e se n c e  
in  a l l  e x t r a c t s  o f  a c o n s id e r a b le  number o f  r a d io a c t iv e  m e ta b o l it e s  
o f  b o th  low  and h ig h  p o la r i t y  compared t o  lAA. A lthough  th e  
r e l a t i v e  p r o p o r tio n s  and th e  n a tu re  o f  th e  r a d io a c t iv e  peaks v a r ie d  
b etw een  e x t r a c t s  o f  t h e  same p a r t  from d i f f e r e n t  p l a n t s , many o f  
th e  peaks w ere common t o  a t  l e a s t  s e v e r a l  e x t r a c t s  and a l s o  t o  
e x t r a c t s  o f  o th e r  p la n t  com ponents. The main f e a t u r e s  o f  th e  peaks  
o b serv ed  were :
(1 )  L ea f e x t r a c t s : -  Peaks o f  h ig h e r  p o la r i t y  th an  lAA w ere a 
p a r t ic u la r  f e a tu r e  o f  l e a f  e x t r a c t s ,  e s p e c i a l ly  in  t h e  e x tr a c t  o f  
p la n t  2B and t h e  e x tr a c t s  from exp er im en ts 3 and U. The r e te n t io n
tim e s  o f  th e  l a r g e s t  o f  t h e  p o la r  peaks v a r ie d  betw een  35 -  4 l  m in . ,
but some s m a lle r  peaks had e lu t i o n  t im e s  o f  60 rain. The HPLC
t r a c e s  s u g g e s te d  e x t e n s iv e  m etab o lism  compared w ith  o th e r  p la n t
p a r t s .
(2 )  Fed n odu le e x t r a c t s : -  R a d io a c t iv ity  t r a c e s n o f ^ e x t r a c t s  from  
experim en t 2 ( in  w hich th e  r a t e  o f  uptake o f  ^H-5-lAA in t o  th e  
n od u le  and i t s  su b seq u en t movement t o  th e  r e s t  o f  t h e  p la n t  was 
s lo w ) ,  showed peaks o f  h ig h  p o l a r i t y ,  some o f  w hich e lu te d  o n ly  
a f t e r  50 m in . Much p o la r  r a d io a c t iv i t y  was a l s o  p r e s e n t  in  th e  
e x t e n s iv e ly  m e ta b o lis e d  e x t r a c t s  from  experim ent 1 ,  Peaks o f  
low er  p o la r i t y  th a n  lAA w ere apparent in  e x t r a c t s  from experim en t 4 .
(3 ) Root e x t r a c t s : -  H igh ly  p o la r  r a d io a c t iv e  peaks w ere p r e se n t  
in  e x t r a c t s  from exp er im en ts  1 and U, a lth o u g h  TLC a n a ly s is  o f  
e x tr a c t s  from experim en t 1 had shown no la r g e  peaks o th e r  th a n  in  
th e  lAA r e g io n . Low p o la r i t y  r a d io a c t iv i t y  was m ost o b v io u s in
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e x tr a c t s  from experim en t ^ ; none was p r e se n t  in  e x t r a c t s  from  
experim ent 1 .
(U) Stem e x t r a c t s : -  S ep a ra te  a n a ly s is  o f  Park and wood produced  
s im i la r  p r o f i l e s  o f  e lu te d  r a d i o a c t i v i t y ,  a lth o u g h  th e  low  a c t i v i t y  
o f  th e  e x tr a c t s  may have masked sm a ll d i f f e r e n c e s .  R a d io a c t iv e  
peaks o f  lo w er  p o la r i t y  than  lAA w ere p r e se n t  in  e x tr a c t s  from  
experim ent U.
(5 )  Unfed n od u le  e x t r a c t s : -  T hese were o f  low  a c t i v i t y  and a lth ou gh  
some low  and h ig h  p o la r i t y  r a d io a c t iv i t y  was e v id e n t , th e y  d id  not  
show e x te n s iv e  m etabolism  compared t o  o th e r  p la n t  p a r t s .
3 .3  A p p lic a t io n  t o  v a s c u la r  s tr a n d s  o f  r o o t  n o d u les
G lassh ou se-grow n  p la n t s  w ere tr a n s fe r r e d  t o  a c o n t r o l le d  
environm ent c a b in e t  ( l9 ° C , l6 h  p h o to p e r io d ; 15°C , 8 h dark p e r io d )  
i k  days p r io r  t o  th e  experim en t o r  were grown in  w a ter  c u l tu r e .
20 pCi 5“ ^H-1AA ( i . e .  8 x  10 ^mmol lAA) in  5 u& 20^ aqueous e th a n o l  
w ere a p p lie d  t o  each  o f  t h r e e  p la n t s  in  two se p a r a te  e x p er im en ts .
Exposure o f  V ascu lar  Strand
N odule Lobe
V ascu lar
str a n d
'M icrocap
A p p lic a t io n  o f  L abel
'M icrocap
P la s t ic in e -< r 250 ml beaker  
f i l l e d  w ith  n u tr ie n t
C hase 97
B en t 50 
’M ic ro c a p ’
D i s t i l l e d
w a te r
V ia l
a t t a c h e d  t o  
b e a k e r  w i th  
s t r i n g
The n o d u le  lo b e s  w ere  g e n t l y  c ru s h e d  and  t h e  t i s s u e s  e x te r n a l  
t o  t h e  s t e l e  w ere  c a r e f u l l y  rem oved w ith  f o rc e p s  t o  ex p o se  t h e  
v a s c u l a r  s t r a n d ( s )  a s  f a r  a s  i t s  c o n n e c t io n  w ith  t h e  r o o t .  A 
s e c t i o n  o f  50 pA p i p e t t e  ( 'M ic r o c a p ’ , Drummond S c i e n t i f i c  C o . ,  U .S .A .)  
was f i l l e d  w ith  d i s t i l l e d  w a te r  and p la c e d  o v e r  t h e  e x p o sed  v a s c u l a r  
s t r a n d s .  When n o d u le  v a s c u la r  s t r a n d s  o f  a l l  t h r e e  p l a n t s  w ere  
e x p o se d , t h e  m o c r o p ip e t te  c o n ta in in g  r a d i o a c t i v e  l a b e l  was p la c e d  in  
p o s i t i o n  and  t h e  d i s t i l l e d  w a t e r - f i l l e d  m o c r o p ip e t te  r e p la c e d  when 
t h e  l a b e l  h a d  b e e n  ta k e n  u p .
U p tak e  o f  t h e  l a b e l  was c o m p le te  w i th in  2g h o u rs  i n  a l l  p l a n t s .
The t h r e e  p l a n t s  i n  each  e x p e r im e n t w ere h a r v e s te d  s e p a r a t e l y , 2U h o u rs  
a f t e r  t h e  s t a r t  o f  t h e  a p p l i c a t i o n  o f  l a b e l ,  and  p l a n t  p a r t s  w ere  
e x t r a c t e d  a s  d e s c r ib e d  in  S e c t io n  1 .  A l iq u o ts  o f  t h e  a c i d i c  e th e r  
f r a c t i o n  w ere  a n a ly s e d  by  TLC and  p r e p a r a t i v e  HPLC and  t h e  r e s i d u e s  
re m a in in g  a f t e r  aq u eo u s m e th a n o l e x t r a c t i o n  w ere  a s s e s s e d  f o r  r a d i o ­
a c t i v i t y  b y  l i q u i d  s c i n t i l l a t i o n  sam ple  o x i d a t i o n ,  a s  d e s c r ib e d  i n  
S e c t io n  1 .
R e s u l ts
L o c a tio n  o f  r a d i o a c t i v i t y
M eth an o l s o lu b l e  r a d i o a c t i v i t y  was d e te c te d  i n  a l l  p a r t s  o f  t h e  
a l d e r  p l a n t  f o l lo w in g  a p p l i c a t i o n  o f  l a b e l l e d  lAA t o  t h e  v a s c u la r
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stra n d  o f  a r o o t  n od u le  (T a b le  25 ) • A m ajor p a r t  o f  th e  m ethanol 
s o lu b le  r a d i o a c t i v i t y  o f  each p la n t  (sum o f  m ethanol s o lu b le  r a d io ­
a c t i v i t y  in  each  o f  p la n t  p a r t s )  rem ained in  t h e  fe d  t i s s u e  (22-TT^) 
b u t a s u b s t a n t ia l  p r o p o r tio n  was d e te c te d  in  th e  r o o ts  ( 16-UH^) and 
th e  l e a v e s  (3 -36%),  w ith  a s m a lle r  amount in  th e  stem  ( l - lU % ).
No d i f f e r e n c e s  w ere d e te c te d  in  th e  r a d io a c t iv i t y  o f  t h e  co n d u ctin g  
t i s s u e s  o f  th e  stem  fo l lo w in g  se p a r a te  a n a ly s is  o f  t h e  bark  and 
wood. Low l e v e l s  o f  r a d i o a c t i v i t y  w ere d e te c te d  a l s o  in  th e  u n fed  
n o d u le s  ( 0 . 3  -  2,0%) and in  th e  a p ic a l  bud ( 0 .05  -  0 ,5%).
The s p e c i f i c  r a d i o a c t i v i t i e s  o f  th e  se p a r a te d  p la n t  p a r ts  
(T ab le 26  ) showed a much more un iform  d i s t r ib u t io n  o f  is o t o p e  
c o n c e n tr a t io n  th rou gh ou t th e  p la n t  th a n  i s  apparent from T ab le 25 . 
A lthough t h e  g r e a t e s t  c o n c e n tr a t io n  o f  r a d i o a c t i v i t y  in  3 o f  th e  6 
p la n ts  was in  th e  r o o t s  (e x c e p t  f o r  th e  fe d  v a s c u la r  s t r a n d ) ,  in  
2 o f  t h e  rem ain in g  3 p l a n t s , th e  a p ic a l  bud showed th e  h ig h e s t  
s p e c i f i c  r a d i o a c t i v i t y .  The un fed  n o d u les  a l s o  in c r e a s e d  in  
im portance as r e c ip i e n t s  o f  r a d io a c t iv e  l a b e l  a lth o u g h  t h e i r  s p e c i f i c  
a c t i v i t y  was a lw ays low er  th a n  t h e  r o o ts  (1 -2 0  t i m e s ) .  The 
se p a r a te d  bark  and wood o f  th e  stem  were b oth  o f  s im i la r  s p e c i f i c  
a c t i v i t y .
The n a tu r e  o f  t h e  m ethanol s o lu b le  r a d i o a c t i v i t y  was in v e s t ig a t e d  
f u r th e r  t o  r e v e a l  d i f f e r e n c e s  w hich may have r e s u l t e d  from m etab olism  
o f  th e  t r a n s lo c a t e d  l a b e l ,  in  or  en r o u te  t o  t h e  v a r io u s  p la n t  
p a r t s .  I n i t i a l l y ,  t h e  aqueous p h ase  o f  th e  m eth a n o lic  e x tr a c t s  
was p a r t i t io n e d  a g a in s t  e th e r  a t  pH3 (and pH8 in  experim en t l )  
g iv in g  r i s e  t o  t h r e e  (o r  fo u r )  f r a c t io n s ,  amongst w hich  th e  t o t a l  
r a d i o a c t i v i t y  o f  each  p la n t  p a r t was d i s t r ib u t e d  (T a b le  27  and 
Appendix T ab le 3 ) .  The d i f f e r e n c e s  in  th e  p a r t i t io n in g  o f
t h e  r a d i o a c t i v i t y  o f  e x t r a c t s  o f  th e  bark  and wood o f  th e  stem , 
a n a ly se d  s e p a r a te ly  in  exp erim en t 2 ,  are  a n o ta b le  f e a t u r e  o f  t h i s  
d a ta . Compared t o  o th e r  p la n t  p a r t s ,  t h e  aqueous f r a c t io n  o f  th e  
b ark  e x t r a c t s  c o n ta in e d  th e  h ig h e s t  p r o p o r tio n  o f  r a d i o a c t i v i t y  
( 79%) and th e  wood th e  lo w e s t  (37%). C o n v e r se ly , t h e  p r o p o r tio n  
o f  r a d i o a c t i v i t y  in  th e  a c id ic  e th e r  f r a c t io n  o f  bark e x t r a c t s  (10%) 
was low  (a lth o u g h  s im i la r  t o  t h a t  o f  o th e r  p la n t  p a r t s )  and th a t  in  
wood e x t r a c t s  h ig h  (50%). The r e s id u a l  f r a c t io n  o f  b oth  t h e s e  
stem  t i s s u e s  c o n ta in e d  a s im i la r  l e v e l  o f  r a d i o a c t i v i t y .
T ab le 2g
R e la t iv e  d i s t r ib u t io n  o f  m ethanol s o lu b le  r a d i o a c t i v i t y .  
R a d io a c t iv i ty  in  se p a r a te  p la n t  p a r ts  as p e r c en ta g e  o f  
w hole p la n t  (sum o f  m ethanol s o lu b le  r a d i o a c t i v i t y  o f  
each  p la n t  p a r t ) .
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P la n t  p a r t
% o f  w hole  p l a n t  m e th a n o l s o lu b l
r P l a n t  p a r t  d .p .m . x  100 1 
[ Combined p l a n t  p a r t  d .p .m . j
e r a d i o a c t i v i t y
A B C
E x p erim en t 1
Fed v a s c u l a r  s t r a n d 6 5 . 3 2 2 . 0 7 6 . 6
R oo ts 1 6 . U 4 4 .4 1 8 . 5
L eaves 1 1 . 0 1 6 . 6 3 .3
Stem 5 .8 1 4 .2 1 . 2
N odules 1 . 0 2 .3 0 .3
A p ic a l  bud 0 . 2 0 .5 0 . 0 9
E x p erim en t 2
Fed v a s c u l a r  s t r a n d 3 7 .6 2 9 . 4 3 6 .4
R oots U0 . 8 2 6 . 6 1 8 . 2
L eaves 1 7 . 0 3 1 .0 3 6 . 3
Stem -  b a rk 1 . 8 5 .3 3 .4
-  wood 2 .U 7 .1 4 .1
N odu les 0 .4 0 . 6 1 .5
A p ic a l  b u d 0 . 0 5 0 . 0 5 0 . 1
Sum o f  m ethanol s o lu b le  r a d io a c t iv i t y  |x t r a c t e d  
from each  p la n t  p a r t  (d .p .m .  x 10” )
EXPERIMENT 1 EXPERIMENT 2
A B C A B C
1 1 .9  1 5 . 0  1 1 .7 2 5 . 9  3 9 . 7  52 . 6
100
T ab le 26
The s p e c i f i c  m ethanol s o lu b le  r a d i o a c t i v i t y  o f  th e  
se p a r a te  p la n t  p a r t s .
P la n t p a r t (d .p .m .
S p e c i f i c  a c t i v i t y  
/ g .  f r e s h  w e ig h t t i s s u e X lO"^)
A B C
Experim ent 1
Fed v a s c u la r  s tra n d 2800 1900 2200
R oots 4 .1 15 4 .8
Leaves 4 .0 8 .7 1 .1
Stem 4 .6 16 1 .1
N odules 3 .9 12 1 .5
A p ic a l bud 7 .2 17 2 .6
Experim ent 2
Fed v a s c u la r  s tr a n d 3500 3000 8700
R oots 21 22 24
Leaves 3 .2 14 26
Stem -  bark 3 .2 15 l4
-  wood 2 .8 13 12
N odules 1 .0 4 .2 13
A p ic a l bud 2 .4 3 .8 9 .3
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T able 27
D i s t r i b u t i o n ,  f o l lo w in g  s o lv e n t  p a r t i t i o n i n g ,  o f  t h e  
r a d i o a c t i v i t y  o f  s e p a r a te d  p l a n t  p a r t s  b e tw e en  
a q u e o u s , b a s i c  e t h e r ,  a c i d i c  e th e r  and  r e s i d u a l  
f r a c t i o n s .
P la n t  p a r t
% o f  p l a n t  p a r t  r a d i o a c t i v i t y  p a r t i t i o n e d  i n t o  
f o u r  f r a c t i o n s .  F r a c t i o n a t e d  r a d i o a c t i v i t y  x 100
Combined r a d i o a c t i v i t y  o f  f r a c t i o n s
A queous pH 8 PH3 R e s id u e
E x p erim en t 1 2 1 2 1 2 1 2
Fed v a s c u la r  
s t r a n d 6 2 .3 4 7 .1 7 .4 7 .7 1 1 . 8 2 2 .3 4 1 .2
R oo ts 4 3 .0 5 8 .5 2 .7 1 3 .4 2 . 6 4 0 .9 3 8 .9
L eaves 5 4 .6 6 8 .7 3 .3 7 .1 1 2 . 2 3 5 .1 1 9 .1
Stem  -  b a r k   ^
-  wood
4 2 .9 7 8 .7
3 7 .1
6 .4 6 . 2 9 .5
4 9 .8
4 4 .4 1 1 .7
1 3 .1
N odu les 6 7 .5 5 6 .7 1 . 8 5 .4 4 .9 2 5 .3 3 8 .4
( i )  S o lv e n t  p a r t i t i o n i n g  a t  pH8 was p e rfo rm e d  o n ly  i n  e x p e rim e n t 1
( i i )  D a ta  a r e  m eans from  3 r e p l i c a t e  p l a n t s  p e r  e x p e r im e n t 
( s e e  A ppend ix  T a b le  3 ) .
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The r e l a t i v e  d i s t r i b u t i o n  b e tw e en  th e  p l a n t  p a r t s  o f  t h e  r a d i o ­
a c t i v i t y  i n  th e  a c id i c  e t h e r  f r a c t i o n ,  i n to  w h ich  lAA w o u ld  p a r t i t i o n , 
i s  exam ined  f u r t h e r  i n  T a b le  28 . By e x p r e s s in g  t h e  a c id i c  e t h e r
s o lu b le  r a d i o a c t i v i t y  o f  t h e  s e p a r a te  p l a n t  p a r t s  as a  p e rc e n ta g e  o f  
t h a t  i n  t h e  w hole  p l a n t  ( d e r iv e d  b y  sum m ation o f  t h e  a c id i c  e t h e r  
s o lu b le  r a d i o a c t i v i t y  o f  each  p l a n t  p a r t ) ,  i t  can  b e  shown t h a t  in  
f o u r  o u t  o f  s i x  p l a n t s , m ost r a d i o a c t i v i t y  was p r e s e n t  i n  t h e  f e d  
t i s s u e  and  r o o t s  ( 62- 98%) an d  i n  th e  re m a in in g  tw o p l a n t s  (e x p e r im e n t 
2 ) ,  m ost r a d i o a c t i v i t y  was d e te c te d  in  t h e  s tem  (4 l-4 4 % ) . The 
le a v e s  c o n ta in e d  a  s i g n i f i c a n t  p r o p o r t io n  ( 2- 29%) o f  t h e  t o t a l  a c id i c  
e t h e r  s o lu b le  r a d i o a c t i v i t y ,  and  t h e  n o d u le s  c o n ta in e d  t h e  s m a l l e s t  
p r o p o r t io n  ( O .l  -  2 .3 % ). S e p a ra te  a n a ly s i s  o f  t h e  b a rk  and s te m  
in  e x p e r im e n t 2 ,  show ed t h a t  t h e  b a rk  c o n ta in e d  much l e s s  a c id i c  e t h e r  
s o lu b le  r a d i o a c t i v i t y  ( 1- 5%) th a n  th e  wood (27 -39% ).
The s p e c i f i c  a c id i c  e t h e r  s o lu b le  r a d i o a c t i v i t y  o f  th e  p l a n t  
p a r t s  show ed c o n s id e r a b le  v a r i a b i l i t y  b e tw een  e x p e r im e n ts  1 and  2 
(T a b le  29 ) .  The r o o ts  show ed t h e  h ig h e s t  s p e c i f i c  a c t i v i t y  
( e x c lu d in g  th e  f e d  t i s s u e )  i n  e x p e r im e n t 1 ,  w h e re as  i n  e x p e r im e n t 2 ,  
e x c lu d in g  th e  f e d  t i s s u e ,  th e  s p e c i f i c  a c t i v i t y  o f  t h e  wood was 
h i g h e s t  i n  a l l  t h r e e  p l a n t s . The u n fe d  n o d u le s  w ere  g e n e r a l l y  o f  low 
s p e c i f i c  a c t i v i t y , h a v i n g  i n  t h r e e  o f  th e  s i x  p l a n t s ,  s p e c i f i c  
a c t i v i t i e s  lo w e r  th a n  t h a t  o f  any o th e r  p l a n t  p a r t .
A n a ly s is  o f  a c i d i c  e t h e r  s o lu b le  r a d i o a c t i v i t y
(a )  T h in - l a y e r  c h ro m a to g rap h y
A ll  chrom atogram s show ed two g ro u p s o f  r a d i o a c t i v e  p eak s  , 
e x c e p t  th o s e  o f  tw o n o d u le  and  two r o o t  e x t r a c t s  i n  e x p e r im e n t 1 ,  
an d  two r o o t  e x t r a c t s  i n  e x p e r im e n t 2 ( F ig u re  Ik ) . The 
f i r s t  g roup  o f  p e a k s ,  w h ich  c o rre s p o n d e d to t] th e  ’ c o l d ’ lAA m a rk e r , 
was p re d o m in a n t i n  a l l  r o o t  e x t r a c t s  , and i n  e x t r a c t s  o f  t h e  f e d  
v a s c u la r  s t r a n d s  an d  n o d u le s  from  e x p e rim e n t 1 .  The se c o n d  g ro u p  
o f  r a d i o a c t i v e  p e a k s  was p re d o m in a n t o r  p ro m in e n t i n  a l l  l e a f  and  
s te m  e x t r a c t s  and  i n  t h e  n o d u le  e x t r a c t s  from  e x p e r im e n t  2 .
Chrom atogram s o f  c e r t a i n  p l a n t  p a r t  e x t r a c t s  w ere a t y p i c a l  i n  
c e r t a i n  r e s p e c t s ,  n am ely :
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F ig u re  l î i
T h in - la y e r  r a d io  chromatograms o f  a c id ic  e th e r  
e x tr a c t s  o f  p la n ts  f e d  5“ ^H-1AA v i a  th e  v a s c u la r  
s tr a n d  o f  a r o o t  n o d u le .
5“ 3H“1AA (20  yCi -  8 X 10  ^ mmol) was a p p lie d  t o  
th e  v a s c u la r  s tr a n d  o f  a r o o t  n o d u le  on each  o f  
th r e e  p la n t s  in  two se p a r a te  e x p e r im en ts . P la n ts  
(Aj B and C in  each  exp er im en t) w ere h a r v e s te d  
in d iv id u a l ly  24 hou rs a f t e r  fe e d in g  and d iv id e d  
in t o  p a r ts  f o r  e x tr a c t io n  and a n a l y s i s . 
Chromatogram s o lv e n t  system : i s o p r o p a n o l: ammonia;
w a t e r : : 8: 1 : 1  v | v .
TLC marker s p o ts  r e p r e s e n t  th e  o f  ’ c o l d '  lAA 
chrom atographed a lo n g s id e  th e  e x t r a c t s .
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R e l a t i v e  d i s t r i b u t i o n  o f  a c i d i c  e t h e r  s o lu b l e  
r a d i o a c t i v i t y .  P r o p o r t io n  o f  r a d i o a c t i v i t y  i n  
s e p a r a t e  p l a n t  p a r t s  as p e rc e n ta g e  o f  w ho le  p l a n t  
(sum  o f  a c i d i c  e t h e r  s o lu b le  r a d i o a c t i v i t y  o f  each  
p l a n t  p a r t  ) .
P l a n t  p a r t
% o f  w ho le  p l a n t  a c id i c  
a c t i v i t y  
j P l a n t  p a r t  d .p .m .
[ W hole p l a n t  d .p .m .
..................
e t h e r  s o lu b le  r a d i o -  
X  100 j
A ____B .. 0
E x p e rim en t 1
F ed  v a s c u l a r  s t r a n d 4 6 .4 8 .9 7 0 . 1
R oots 2 4 .6 6 8 .8 2 7 . 4
L eaves 2 4 .9 6 .3 1 . 5
Stem 3 .9 1 4 .9 0 . 7
N odules 0 .3 1 .1 0 .3
E x p e rim e n t 2
Fed v a s c u l a r  s t r a n d 60 . 1 2 9 .1 2 0 .4
R oots 1 .5 5 .6 5 . 0
L eaves 1 0 .1 2 4 .0 2 8 .6
Stem  -  b a rk 1 .0 3 .8 5 . 2
-  wood 2 7 . 2 3 7 .2 3 8 .6
N odu les 0 .1 0 .3 2 .3
Sum o f  a c i d i c  e t h e r  s o lu b le  r a d i o a c t i v i t y  e x t r a c t e d  
from  ea ch  p l a n t  p a r t  ( d .p .m . x  10 ^ )
EXPERIMENT 1 EXPERIMENT 2
A B C A B C
1 . 5 1 . 3  1 . 7 6 .6 7 . 0 5 . 4
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The s p e c i f i c  a c i d i c  e t h e r  s o lu b le  r a d i o a c t i v i t y  
o f  th e  s e p a r a te d  p l a n t  p a r t s .
P l a n t  p a r t ( d .p .m . / g .
S p e c i f i c  a c t i v i t y  
f r e s h  w e ig h t t i s s u e X  10
E x p e rim en t 1
Fed v a s c u l a r s t r a n d 240 TO 49
R oots 0 .8 2 .1 1 .0
L eaves 1 .1 0 .3 0 .0 7
Stem 0 .4 1 .5 0 .1
N odules 0 .2 0 .5 0 .2
E x p erim en t 2
Fed v a s c u l a r s t r a n d l4 0 0 520 500
R oots 0 .2 0 .8 0 .7
L eaves 0 .5 1 .9 2 .1
Stem  -  b a rk 0 .4 1 .9 2 .2
-  wood 8 .0 12 12
N odules 0 .0 9 0 .3 2 .1
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(1 )  R oot e x t r a c t s :  -  Two e x t r a c t s  i n  e x p e r im e n t 1 show ed a  peak  o f  
a c t i v i t y  a t  t h e  o r i g i n .
( 2 ) Fed v a s c u l a r  s t r a n d  e x t r a c t s :  -  I n  e x p e r im e n t 2 ,  t h e  f i r s t  
g ro u p  o f  r a d i o a c t i v e  p e a k s  was p re d o m in a n t o n ly  i n  t h e  e x t r a c t  from  
p l a n t  A. A l l  chrom atogram s show ed a  p eak  o f  r a d i o a c t i v i t y  a t  th e  
o r i g i n .
The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  was s i m i l a r  on chrom atogram s 
o f  t h e  b a r k  and  wood when th e s e  w ere  a n a ly s e d  s e p a r a t e l y  in  e x p e rim e n t 
2 , w i th  t h e  e x c e p t io n  o f  a  p eak  o f  r a d i o a c t i v i t y  a t  t h e  o r i g i n  i n  tw o 
wood e x t r a c t s .
The p r o p o r t io n  o f  e l u t e d  r a d i o a c t i v i t y  p r e s e n t  a t  th e  p o s i t i o n  
o f  th e  'c o l d '  lAA m a rk e r  i n  each  o f  t h e  e x t r a c t s  i s  shown i n  T a b le  
30 . The r o o t  e x t r a c t s  o f  e x p e r im e n t 2 c o n ta in e d  t h e  h i g h e s t  
p r o p o r t io n  o f  lA A - lik e  r a d i o a c t i v i t y  (52-T4%) , a l th o u g h  in
e x p e rim e n t 1 t h e  ra n g e  was lo w e r  (28-54% ) b e c a u s e  o f  th e  g r e a t e r  
num ber o f  m e ta b o l i te  p e a k s .  The l e a f  e x t r a c t s  i n  b o th  e x p e r im e n ts  
show ed a  low  p r o p o r t io n  (i8 -40% ) o f  r a d i o a c t i v i t y  i n  t h e  lAA r e g io n .  
S im i la r  p r o p o r t io n s  o f  lA A -lik e  r a d i o a c t i v i t y  w ere  p r e s e n t  in  th e  
u n fe d  n o d u le  (3 5 “ 5T%) and  f e d  v a s c u la r  s t r a n d  e x t r a c t s  (35“ 59%)»
(b )  H igh p e rfo rm a n c e  l i q u i d  ch ro m ato g rap h y
G e n e ra l p o i n t s  r e l a t i n g  t o  p r e p a r a t i v e  HPLC a n a ly s e s  a r e  
d i s c u s s e d  a t  t h e  b e g in n in g  o f  t h e  r e l e v a n t  r e s u l t s  p a ra g ra p h s  in  
s e c t i o n  3 . 2 .
The r a d i o a c t i v i t y  c o - e l u t i n g  w i th  th e  ' c o ld ' lAA m a rk e r  on 
p r e p a r a t i v e  HPLC i s  shown f o r  ea ch  sam ple ru n  in  T a b le  31 . The
l e v e l s  o f  r a d i o a c t i v i t y  i n  th e  lA A -re g io n  w ere g e n e r a l l y  much lo w e r  
(up t o  9 t im e s )  th a n  th o s e  o b ta in e d  from  TLC a n a l y s i s .  The r o o t  
e x t r a c t s  c o n ta in e d  th e  h i g h e s t  l e v e l  o f  r a d i o a c t i v i t y  a s s o c i a t e d  
w ith  t h e  lAA m a rk e r  i n  b o th  e x p e r im e n ts  ( 15- 62%) , w h e re as  t h e
l e a f  e x t r a c t s  h a d  th e  lo w e s t  l e v e l s ,  e x c e p t f o r  p l a n t  2A (w hich  
was g e n e r a l l y  d i s s i m i l a r  t o  t h e  tw o o t h e r  r e p l i c a t e s  i n  e x p e r im e n t 2 ) .  
The b a r k  and  w ood, a n a ly s e d  s e p a r a t e l y  i n  e x p e r im e n t 2 , h a d  s i m i l a r  
l e v e l s  o f  lA A - lik e  r a d i o a c t i v i t y .
R a d io a c t iv e  p e a k s  o f  b o th  lo w e r  and  h ig h e r  p o l a r i t y ,  i n  r e l a t i o n
lOT
Table 30
P r o p o r t io n  o f  e l u t e d  r a d i o a c t i v i t y  p r e s e n t  a t  t h e  p o s i t i o n  
o f  t h e  'c o l d '  lAA. m ark e r  i n  e x t r a c t s  o f  th e  s e p a r a te d  p l a n t  
p a r t s .  R a d i o a c t iv i t y  was m ea su red  b y  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g  o f  e lu a t e s  from  s i l i c a  g e l  t h i n - l a y e r  ch ro m a to g rap h y  
p l a t e s .
% r a d i o a c t i v i t y lAA r e g io n  d .p .m . X  100T o ta l  e l u t e d  sam ple d .p  .m.
E x p e rim en t 1 2
P la n t A B C A B C
Fed v a s c u l a r s t r a n d 44. 3 3 4 .9 5 7 .5 58 . 6 3 7 .1 1 8 . 0
R oots 2 9 .3 2 8 .4 5 3 .8 51 .5 7 4 . 4 7 0 . 4
L eaves 2 4 .3 2 5 . 4 30 . 5 3 9 . 8 2 8 . 5 1 8 . 4
Stem  -  b a rk )
i
I T . 3 2 3 .1 2 0 .6 5 5 . 7 3 0 . 6 3 7 . 8
-  wood 2 9 . 3 3 4 . 9 3 9 . 9
N odules 34 .5 51 . 5 57 .0 4 2 .1 4 9 . 6 4 6 .2
A n a ly s is  o f  v a r ia n c e
S o u rce  o f  v a r ia n c e Sum o f  
s q u a re s
D eg rees  o f  
freedom
Mean 
s q u a re s
V a ria n c e
r a t i o ( F )
s i g n i f i c a n c e
Betw een e x p e r im e n ts 7925 4 1981 2 .0 Not
s i g n i f i c a n t
B etw een p l a n t  p a r t s 1355 1 1355 1 .4 Not
s i g n i f i c a n t
R e s id u a l 3955 4 989
T o ta l 13235 9
T a b le  31
P r o p o r t io n  o f  e l u t e d  r a d i o a c t i v i t y  p r e s e n t  a t  
th e  p o s i t i o n  o f  th e  'c o ld *  lAA m a rk e r  in  e x t r a c t s  
o f  th e  s e p a r a te d  p l a n t  p a r t s .  R a d i o a c t iv i t y  was 
m ea su red  by  c o n tin u o u s  m o n ito r in g  o f  t h e  HPLC 
e l u a t e s .
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% R a d i o a c t iv i t y
lAA r e g io n  d p ,m. X 100
T o ta l  e l u t e d  sam ple d .p  .m.
E x p e rim en t 1 2
P la n t A B c A B C
Fed v a s c u la r  s t r a n d 4 .6 ; . 3 . 2 2 2 .3 1 6 . 1 6 . 1
R oots 3 9 . 3 3 9 .9 l 4 .8 1 5 . 9 6 2 . 4 36.0
L eaves 2 .7 ■ - “ 1 6 . 7 1 .9 2 . 1
Stem  -  b a rk - - - - 2 1 . 1 3 .6 3 .2
“ wood - - 9 . 4 4 .1 4 .3
N odu les — “
( 1 ) -  R a d i o a c t iv i t y  l e v e l  o f  e x t r a c t  to o  low  f o r  a n a l y s i s .
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t o  1AA.J w ere  d e t e c t e d  i n  a l l  e x t r a c t s  (F ig u re  15)* m ain  f e a t u r e s  o f  t h e s e
p eak s  i n  t h e  d i f f e r e n t  e x t r a c t s  w ere  :
(1 ) L e a f  e x t r a c t s :  -  A l a r g e  num ber o f  p e a k s  w ere r e s o l v e d ,  s p r e a d  
o v e r  a  w ide  p o l a r i t y  r a n g e .  P eaks o f  much h ig h e r  p o l a r i t y  th a n
lAA w ere  p a r t i c u l a r l y  p ro m in e n t.
( 2 ) Fed  v a s c u l a r  s t r a n d  e x t r a c t s :  -  E x t r a c t s  from  e x p e r im e n t 1 
c o n ta in e d  p ro m in e n t p eak s  w h ich  w ere  much m ore p o l a r  t h a n  lAA, as 
w e l l  as o th e r  p eak s  c o v e r in g  a  w ide  ra n g e  o f  p o l a r i t y .
( 3 ) S tem  e x t r a c t s :  -  P ro m in e n t p e a k s  o f  much h i g h e r  p o l a r i t y  th a n  
lAA w ere  p r e s e n t  i n  e x t r a c t s  from  e x p e rim e n t 2 ;  t h e s e  w ere  e lu t e d  
up t o  52 m in u te s  from  th e  i n j e c t i o n  p o i n t .  A s i m i l a r  d i s t r i b u t i o n  
o f  r a d i o a c t i v e  p e a k s  was e x h ib i t e d  by  e x t r a c t s  o f  t h e  b a r k  and 
w ood, when th e s e  w ere a n a ly s e d  s e p a r a t e l y  i n  e x p e r im e n t 2 ,
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F ig u re  1-^
P r e p a r a t i v e  h ig h  p e rfo rm a n c e  l i q u i d  ra d io c h ro m a to g ra m s  
o f  a c id i c  e t h e r  e x t r a c t s  o f  p l a n t s  f e d  %-lAA. v i a  
t h e  v a s c u l a r  s t r a n d  o f  a  r o o t  n o d u le .
(20  yCi -  5 X 10 ^ mmol) was a p p l i e d  t o  t h e  
v a s c u l a r  s t r a n d  o f  a  r o o t  n o d u le  on each  o f  t h r e e  
p l a n t s  i n  tw o s e p a r a te  e x p e r im e n ts .  P l a n t s  (A , B and  
C i n  each  e x p e r im e n t)  w ere  h a r v e s t e d  i n d i v i d u a l l y  24 
h o u rs  a f t e r  f e e d in g  and  d iv id e d  i n t o  p a r t s  f o r  e x t r a c t i o n  
and  a n a l y s i s .
Arrows r e p r e s e n t  t h e  e l u t i o n  p o in t  o f  ’ co ld*  lAA added  t o ,  
and  C O -chrom atographed  w i t h ,  t h e  e x t r a c t s .
C olum n:- P a r t i s i l  10 o r  20
Column t e m p e r a tu r e : -  30 ± 0 .5^C
S t a t i o n a r y  p h a s e : -  40% 0 .5  M fo rm ic  a c id  o r  40%
IM a c e t i c  a c id  
M ob ile  p h a s e : -  G ra d ie n t  o f  50-75% e th y l  a c e t a t e  i n  
h ex an e  in  40 m in u te s  , e x te n d e d  when 
r e q u i r e d  t o  100% e t h y l  a c e t a t e  i n  hex an e  
F lo r  r a t e : -  M obile  p h a s e  4 .6  ± 0 .1  m l/m in  ^ .
s c i n t i l l a n t  2 .0  ± 0 .1  m l/m in r^ .
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. D is c u s s io n
The n a t u r e ,  m e ta b o lism  and  d i s t r i b u t i o n  w i th in  n o d u la te d  a ld e r  
s e e d l in g s  o f  r a d i o a c t i v i t y  d e r iv e d  from  l a b e l l e d  lAA, was i n v e s t i g a t e d  
a f t e r  a p p l i c a t i o n  o f  t h e  horm one t o  p ro b a b le  s i t e s  o f  a u x in  s y n th e s i s  
i n  th e  p l a n t .  T hese e x p e r im e n ts  w ere  i n i t i a l  a t t e m p ts  t o  a s s e s s  th e  
v a l i d i t y  o f  p u b l i s h e d  s p e c u l a t i o n  c o n c e rn in g  p o s s ib l e  r o l e s  f o r  horm one 
movement i n  th e  i n t e g r a t i o n  o f  v a r io u s  a c t i v i t i e s  o f  n o d u la te d  p l a n t s  
( s e e  I n t r o d u c t i o n ) .  R ecovery  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  in  
e x t r a c t s  o f  a l l  p l a n t  p a r t s ,  f o l lo w in g  a p p l i c a t i o n  o f  1-^^C -lA A  b o th  
t o  t h e  sh o o t ap ex  an d  t o  t h e  r o o t  n o d u le s , d e m o n s tra te d  t h e  movement 
o f  r a d i o t r a c e r  w i t h in  t h e  n o d u la te d  p l a n t s  , a l t h o u ^  m ost o f  t h e  l a b e l  
re m a in e d  i n  t h e  f e d  o r g a n ,  even  a f t e r  J2 h o u rs  (T a b le  12 a , b , c ) .
B ecause  o f  t h e  p o s s i b i l i t y  o f  d e c a r b o x y la t io n  o f  I-^^ C -IA A  (A asheim  and  
1v e r s e n , 1 9 7 1 ) , in t r o d u c e d  in  a  n o n - s p e c i f i c  m anner b y  m ic r o - p i p e t t e  
i n t o  p l a n t  t i s s u e ,  no a t te m p t  was made in  t h e s e  p r e l im in a r y  e x p e r im e n ts ,  
t o  e s t a b l i s h  c r i t i c a l l y  t h e  i d e n t i t y  o f  th e  r a d i o a c t i v e  s u b s ta n c e s  i n  
th e  r e c e iv i n g  t i s s u e s .
F o llo w in g  th e  d e m o n s tra t io n  o f  movement o f  m e th a n o l s o lu b le  r a d i o ­
a c t i v i t y ,  d e r iv e d  from  1 -^^C -lA A , w i th in  a l d e r  s e e d l i n g s ,  f u r t h e r  
e x p e r im e n ts  w i th  9- %-lAA. w ere p e rfo rm e d  and more d e t a i l e d  a n a ly s i s  
c o n d u c te d  o f  t h e  r a d i o a c t i v i t y  e x t r a c t e d  from  th e  v a r io u s  p l a n t  p a r t s  . 
lAA., l a b e l l e d  on t h e  i n d o le  r i n g ,  was u se d  t o  a v o id  enzym ic  f i x a t i o n  o f  
d e c a r b o x y la te d  i n t o  o t h e r  com pounds. I t  was c o n firm e d  t h a t  m ost
o f  th e  m e th a n o l s o lu b le  r a d i o a c t i v i t y  was a s s o c i a t e d  w i th  th e  f e d  o rg a n  
and  t h a t  o n ly  low  l e v e l s  o f  r a d i o a c t i v i t y  w ere  p r e s e n t  i n  t h e  u n fe d  
n o d u le s .  The low  p r o p o r t io n  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  ( O . l  -  5*9/ 
T a b le  13) w h ich  r e a c h e d  th e  r o o t s  f o l lo w in g  f e e d in g  o f  t h e  s te m  a p e x , 
com pared  t o  t h a t  w h ich  moved i n t o  t h e  s h o o t f o l lo w in g  n o d u le  f e e d in g  
( l .U  -  U 3.9^a T a b le s  I 8 , 25) s u g g e s ts  t h e  e x is t e n c e  o f  a  s lo w e r  t r a n s p o r t  
pathw ay  from  th e  s tem  a p e x , w h ich  m ig h t b e  s i m i l a r  t o  t h a t  r e p o r t e d  
p r e v io u s ly  b y  s e v e r a l  a u th o r s  ( s e e  I n t r o d u c t i o n ) .
- T hese r e s u l t s  d e m o n s tra te  c l e a r l y  th e  w id e s p re a d  movement o f  
r a d i o a c t i v i t y  w i t h in  th e  p l a n t ,  w h ich  o c c u r r e d  f o l lo w in g  m i c r o - i n j e c t i o n  
o f  r a d i o t r a c e r .  H ow ever, a l l  e x p e r im e n ts  d e s ig n e d  t o  s tu d y  p l a n t  
p r o c e s s e s  by  f o l lo w in g  th e  f a t e  o f  a p p l i e d  r a d i o t r a c e r ,  a r e  s u b je c t  
t o  a  v a r i e t y  o f  e x p e r im e n ta l  a r t e f a c t s  p e c u l i a r  t o  t h e  a p p l i c a t i o n
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t e c h n iq u e  u s e d . F o r ■e x a m p le , W h eele r e t  a l . (1978) u s in g  n o d u la te d  
r o o t  seg m en ts  (n o t  i n t a c t  p l a n t s ,  w here n o d u le  a c t i v i t y  may b e  l e s s  
im p a i r e d ) , show ed t h a t  t h e  i n s e r t i o n  o f  m ic r o p ip e t t e s  i n t o  n o d u le  
lo b e s  o f  A lnus g l u t i n o s a  re d u c e d  n i t r o g e n a s e  a c t i v i t y ,  a l th o u g h  
a c t i v i t y  o f t e n  r e c o v e r e d  a f t e r  35“ ^0 m in u te s .  The e f f e c t  n o te d  was 
on n i t r o g e n a s e  a c t i v i t y ,  a  s e n s i t i v e  i n d i c a t o r  o f  n o d u le  d i s tu r b a n c e ,  
b u t  i t  i s  p ro b a b le  t h a t  o t h e r  n o d u le  p r o c e s s e s  m ig h t a l s o  b e  a f f e c t e d  
t o  some d e g re e  f o r  e x a m p le , t r a n s p o r t  p r o c e s s e s  i n t o  and  o u t  o f  t h e  
n o d u le s .
A p a rt from  damage and  w ounding  e f f e c t s ,  a d d i t i o n a l  a r t e f a c t s  
u n d o u b te d ly  a r i s e  i n  ' f e d ’ t i s s u e s  by  th e  i n t r o d u c t i o n  o f  r a d i o t r a c e r  
i n t o  s i t e s  w i t h in  t h e  t i s s u e ,  t o  w h ich  th e  compound o f  i n t e r e s t  does n o t  
n o rm a lly  hav e  f r e e  a c c e s s .  F o r  e x a m p le , i n  t h i s  p r o j e c t  i n  n o d u le - f e d  
p l a n t s ,  when lAA was a p p l i e d  t o  n o d u le  lo b e s  by  m i c r o p i p e t t e ,  i t  was 
p o s s ib l e  t h a t  t h e  m ic r o p ip e t t e  m ig h t have  p e n e t r a t e d  t h e  s t e l e ,  
e f f e c t i v e l y  i n j e c t i n g  r a d i o t r a c e r  d i r e c t l y  i n t o  t h e  c o n d u c tin g  t i s s u e s  
and  t h e r e f o r e  b y p a s s in g  th e  b a r r i e r s  w hich  n o rm a lly  c o n t r o l  movement o f  
lAA w i th in  t h e  n o d u le .  T h is  p o s s i b i l i t y  was ch e ck e d  by  em p lo y in g  tw o 
m ethods o f  n o d u le  f e e d in g ;  f i r s t l y  by  m ic r o p ip e t t e  i n s e r t e d  i n t o  t h e  
i n t a c t  n o d u le  l o b e ,  an d  s e c o n d ly  v i a  th e  e x p o sed  v a s c u l a r  s t r a n d  o f  a  
n o d u le  c l u s t e r .  D i r e c t  a c c e s s  o f  n o d u le  l o b e - f e d  t r a c e r  t o  th e  
c o n d u c tin g  t i s s u e s  c o u ld  p ro d u ce  s i m i l a r  p a t t e r n s  o f  movement and  
m e ta b o lism  o f  t h e  r a d i o t r a c e r  w i th  b o th  m ethods o f  a p p l i c a t i o n ,  w h ereas  
d i f f e r e n t  p a t t e r n s  w ou ld  s u p p o r t  t h e  p o s s i b i l i t y  o f  i n j e c t i o n  o f  a t  
l e a s t  some r a d i o t r a c e r  i n t o  th e  n o d u le  c o r t e x  r a t h e r  th a n  d i r e c t l y  i n t o  
th e  s t e l e .  I n j e c t i o n  i n t o  t h e  c o r t e x ,  w ould  i n c r e a s e  t h e  p o s s i b i l i t y  
o f  a t  l e a s t  some r a d i o t r a c e r  fo l lo w in g  s i m i l a r  t r a n s p o r t  pa thw ays w i th in  
t h e  n o d u le ,  t o  th o s e  o f  endogenous lAA.
The g r e a t e r  a c c u m u la tio n  in  t h e  s h o o t o f  t o t a l  p l a n t  m e th a n o l
s o lu b le  r a d i o a c t i v i t y .  T a b le  2 5 ) ,  o f  r a d i o a c t i v i t y  d e r iv e d  from  
5“ ^H-1AA a p p l i e d  v i a  t h e  v a s c u la r  s t r a n d ,  com pared t o  t h a t  when l a b e l  
was a p p l i e d  v i a  t h e  n o d u le  lo b e  (1-35% o f  t o t a l  p l a n t  m e th a n o l s o lu b le  
r a d i o a c t i v i t y ,  T a b le  l 8 ) ,  s u p p o r t s  a  r o u te  f o r  m i c r o - i n j e c t i o n  o f  t h e  
i n t a c t  n o d u le  o t h e r  th a n  d i r e c t l y  i n t o  th e  s t e l e .  E v e n tu a l  t r a n s f e r  
t o  t h e  s t e l e  o f  l a b e l  a p p l i e d  v i a  t h e  n o d u le  l o b e , fo l lo w e d  b y  e x p o r t  
from  th e  n o d u le  i n  t h e  x y lem , w ou ld  p resu m a b ly  d e la y  t h e  movement
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o f  r a d i o t r a c e r  t o  t h e  s h o o t  com pared  t o  th o s e  p l a n t s  f e d  d i r e c t l y  v i a  
t h e  v a s c u la r  t i s s u e .  T h is  m ig h t a c c o u n t f o r  t h e  g r e a t e r  a c c u m u la t io n , 
w i th in  a  2k  h o u r  p e r i o d ,  o f  r a d i o a c t i v i t y  in  th e  s h o o t  o f  v a s c u l a r  
s t r a n d - f e d  p l a n t s  com pared  t o  th o s e  f e d  v i a  a  n o d u le  l o h e . A f u r t h e r  
d i f f e r e n c e  r e s u l t i n g  from  th e  two m ethods o f  f e e d i n g ,  em erged  in  l a t e r  
e x p e r im e n ts  when th e  h a r k  and  wood o f  th e  stem  w ere  a n a ly s e d  s e p a r a t e l y .  
W hile  p l a n t s  f e d  by  e i t h e r  r o u te  show ed l i t t l e  d i f f e r e n c e  i n  t h e  
d i s t r i b u t i o n  o f  m e th a n o l s o lu b le  r a d i o a c t i v i t y  b e tw e e n  b a r k  and wood 
e x t r a c t s ,  i n  v a s c u l a r  s t r a n d - f e d  p l a n t s ,  t h e  p r o p o r t io n  o f  r a d i o a c t i v i t y  
in  th e  a c i d i c  e t h e r  f r a c t i o n  ( c o n ta in in g  lAA and r a d i o a c t i v e  d e r i v a t i v e s )  
o f  th e  wood was much g r e a t e r  (T“ 30 t im e s .  T a b le  28) th a n  t h a t  o f  th e  
b a r k .  F u r th e r  co m p a riso n  o f  t h e  s p e c i f i c  r a d i o a c t i v i t i e s  o f  t h e  a c id i c  
e t h e r  f r a c t i o n  i n  v a s cn^jar.,.s t r a n d - f e d  p l a n t s ,  c o n f irm e d  t h a t  th e  
c o n c e n t r a t io n  o f  l a b e l  i n  th e  wood was h ig h e r  (5 ” 20 t i m e s .  T a b le  29) 
th a n  t h a t  i n  th e  b a r k .  T hese r e s u l t s  c o u ld  r e f l e c t  a  g r e a t e r  t r a n s ­
l o c a t i o n  o f  an u n ch an g ed  o r  c lo s e l y  r e l a t e d  form  o f  5~^H-1AA in  th e  xylem  
t r a n s p i r a t i o n  s tr e a m  o f  v a s c u la r  s t r a n d - f e d  p l a n t s  com pared  t o  p l a n t s  
f e d  v i a  th e  i n t a c t  n o d u le .  I n  th e  l a t t e r  g roup  o f  p l a n t s  t h e r e  w ould  
b e  i n c r e a s e d  o p p o r tu n i ty  f o r  m e ta b o lism  o f  lAA in  th e  n o d u le  b e f o r e  i t  
r e a c h e d  th e  c o n d u c tin g  t i s s u e s .  H ow ever, th e  s i m i l a r  p a t t e r n s  o f  
h i è t r i b u t io n  o f  r a d i o a c t i v i t y ,  shown by  HPLC o f  t h e  a c i d i c  e t h e r  e x t r a c t s  
o f  b a rk  and wood from  v a s c u la r  s t r a n d - f e d  p l a n t s  ( F ig u re  1 5 ) ,  s u g g e s te d  
i n  b o th  t i s s u e s  q u a l i t a t i v e l y  s i m i l a r  a c id i c  e t h e r  s o lu b l e  p r o d u c ts  o f  
m e ta b o lism  o f  5“ ^H-1AA d e r iv e d  r a d i o a c t i v i t y  ( th e  n a tu r e  o f  th e  r a d i o ­
a c t i v i t y  i n  t h e  aqueous f r a c t i o n  was n o t  i n v e s t i g a t e d )  ev en  th o u g h  
t h e i r  r a t e s  o f  p r o d u c t io n  w ere  a p p a r e n t ly  d i f f e r e n t .
The f a t e  o f  t h a t  p o r t i o n  o f  t h e  o r i g i n a l  5 " ^H-IAA w hich  rem a in e d  
as lAA f o l lo w in g  movement t o  v a r io u s  p l a n t  p a r t s  from  t h e  s i t e  o f
a p p l i c a t i o n ,  was o f  p r im a ry  i n t e r e s t  i n  t h i s  p r o j e c t .  An i n d i c a t i o n
o f  th e  e x te n s iv e  m e ta b o lism  o f  t h e  r a d i o t r a c e r ,  i s  p r o v id e d  b y  th e  
i n i t i a l  s o lv e n t  p a r t i t i o n i n g  o f  r a d i o a c t i v i t y  in  m e th a n o lic  e x t r a c t s  
o f  th e  p l a n t  p a r t s .  A m a jo r  p o r t i o n  o f  t h e  r a d i o a c t i v i t y  i n  m ost
p l a n t  p a r t s ,  re m a in e d  i n  th e  aqueous f r a c t i o n  b o th  i n  a p i c a l  b u d  f e d
p l a n t s  (21-6)+%, a l th o u g h  in  some o f  t h e  l e a v e s ,  100% T a b le  15) and  in  
th e  n o d u le  lo b e  and  v a s c u l a r  s t r a n d - f e d  p l a n t s  {k2-'J9% T a b le s  2 0 ,2 7 ) .
l lU
T h is  r a d i o a c t i v i t y  c a n n o t b e  a t t r i b u t e d  t o  exchange  o f  w i th  . from  
w a t e r ,  s in c e  a l i q u o t s  w ere  d r i e d  b e f o r e  c o u n tin g  b u t  i s o to p e  exchange  
w ith  o t h e r  w a te r  s o lu b le  com pounds, as  w e l l  as m e ta b o lis m  o r  c o n ju g a t io n  
o f  lAA. t o  p ro d u c e  w a te r  s o lu b le  com pounds, i s  a  p o s s i b i l i t y .  A 
p r e l im in a r y  e x a m in a tio n  o f  t h e  aqueous f r a c t i o n  u s in g  d i a l y s i s ,  
s u g g e s te d  t h a t  a  p r o p o r t io n  (20%) m ig h t b e  a s s o c i a t e d  w i th  h ig h e r  
m o le c u la r  w e ig h t com pounds. The r e c o v e ry  o f  w a te r  s o lu b le  lAA 
d e r i v a t i v e s  o r  lAA c o n ju g a te s  as a  r e s u l t  o f  f e e d in g  l a b e l l e d  lAA t o  
i n t a c t  p l a n t s  h a s  b e e n  p r e v io u s ly  r e p o r t e d  (E s c h r ic h  1 9 6 8 ; M o rris  
e t  a l . ,  1 9 6 9 ; B o u rb o u lo u x  an d  B onnem ain , 1 9 7 4 ) . O f p a r t i c u l a r  
i n t e r e s t ,  i s  th e  i n c o r p o r a t io n  o f  a  s u b s t a n t i a l  p r o p o r t i o n  (45%) o f  t h e  
a p p l i e d  r a d i o a c t i v i t y  i n t o  f i v e  am ino a c id  c o n ju g a te s  ( t h r e e  o f  t h e  
f iv e  fo rm ed  w ere  i d e n t i f i e d  b y  m ass s p e c tr o m e tr y  and  th e  re m a in in g  two 
by  TLC and  h y d r o ly s i s )  a f t e r  in c u b a t io n  o f  g - l^ c - lA A  w i th  F a r th e n o c is s u s  
t r i e u sp i d a t a  crown g a l l  t i s s u e  ( Feung e t  a l . ,  1 9 7 6 ) . B oth  r o o t  n o d u le  
and  crown g a l l  tu m o u rs  a r i s e  f o l lo w in g  i n f e c t i o n  by  b a c t e r i a ,  so  i t  i s  
n o t  in c o n c e iv a b le  t h a t  t h e r e  may b e  s i m i l a r i t i e s  i n  lAA m e ta b o lism  in  
th e  two t i s s u e s .  The p a r t i t i o n  c o e f f i c i e n t s  o f  s e v e r a l  o f  t h e  amino 
a c id  c o n ju g a te s  i d e n t i f i e d  by  F eu n g , w ere  su ch  t h a t  t h e y  w ere  p r e s e n t  
i n  b o th  e t h e r e a l  and  aqueous f r a c t i o n s ,  so  t h e i r  i d e n t i f i c a t i o n  w ould  
b e  n e c e s s a r y  b e f o r e  a s se s s m e n t o f  t h e i r  r e l a t i v e  im p o r ta n c e  as 
m e ta b o l i te s  i n  a  p a r t i c u l a r  t i s s u e ,  c o u ld  b e  m ade. In  t h e  p r e s e n t  
i n v e s t i g a t i o n ,  t h e  p r e c i s e  n a tu r e  o f  th e  r a d i o a c t i v i t y  in  t h e  aqueous 
f r a c t i o n  o f  p l a n t  p a r t  e x t r a c t s , in c lu d in g  th e  n o d u le s , a w a its  f u r t h e r  
e l u c i d a t i o n .
F u r th e r  s tu d y  o f  th e  f a t e  o f  5- % -lA A , c e n t r e d  on a  m ore d e t a i l e d  
e x a m in a tio n  o f  t h e  r e l a t i v e  p r o p o r t io n s  and  n a tu r e  o f  t h e  l a b e l  e x t r a c t e d  
from  th e  s e p a r a te d  p l a n t  p a r t s ,  w h ich  p a r t i t i o n e d  i n t o  e t h e r  from  th e  
aqueous p h a se  a t  pH3. G e n e r a l ly ,  t h e  p r o p o r t io n  o f  t o t a l  r a d i o a c t i v i t y  
r e c o v e r e d  i n  t h i s  f r a c t i o n  was low  ( a p i c a l  b u d  f e e d in g  e x p e r im e n ts ,
24- 26% o f  r a d i o a c t i v i t y ,  e x c lu d in g  t h a t  re m a in in g  in  t h e  r e s i d u e .
T a b le  l 4 ; n o d u le  and  v a s c u l a r  s t r a n d  f e e d in g  e x p e r im e n ts ,  O.3  ~ 22%, 
o f  t o t a l  r a d i o a c t i v i t y .  A ppendix  T a b le s  2 a , b , 3 ) ,  i n d i c a t i n g ,  as 
m e n tio n e d  a b o v e , t h a t  s u b s t a n t i a l  m e ta b o lism  o r  i n a c t i v a t i o n  o f  lAA 
o c c u r r e d  i n ,  o r  en r o u te  t o ,  t h e  v a r io u s  p l a n t  p a r t s .  S in c e  th e  
r a d i o a c t i v i t y  d e te c te d  i n  t h e  a c id i c  e t h e r  f r a c t i o n  o f  t h e  v a r io u s  p l a n t
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p a r t s ,  i s  i n d i c a t i v e  o n ly  o f  t h e  p r e s e n c e  o f  t h e  l a b e l l e d  i n d o le  r i n g  
and  e x te n s iv e  "breakdown o f  t h e  r i n g  i s  u n l ik e ly  t o  o c c u r ,  t h e  n a tu r e  o f  
t h e  r a d i o a c t i v i t y  was a n a ly s e d  f u r t h e r  "both "by TLC an d  p r e p a r a t i v e  
HPLC. The h i g h e r  r e s o l u t i o n  o f  HPLC show ed t h a t  t h e  p r o p o r t i o n  o f  
r a d i o a c t i v i t y  w h ich  c o - e l u t e d  w i th  t h e  lAA m a rk e r  was u s u a l l y  a  v e ry  
much g m a l le r  q u a n t i t y  iF ig u h e s t l2 > jl5 ') -a th d n b th a t  " in d ic a te d  b y  ' T L C e an a ly s is  
(î Pigh& es 11 ; _ l4 J ,  am^or ^exam ple* rin -eex p e rim en t 4 -o f - ! th e  fn g d u l^  f e e d in g  
e x p e r im e n ts ,  TLC o f  t h e  wood e x t r a c t  (fro m  p l a n t  B ) ,  show ed one m ain  
p e a k  w h ich  a c c o u n te d  f o r  34% o f  t h e  r a d i o a c t i v i t y  e l u t e d  from  t h e  
p l a t e  (T a b le  2 3 ) ,  w h e re as  on HPLC a n a l y s i s ,  t h e  l a b e l  w h ich  co -ch ro m a­
to g ra p h e d  w i th  t h e  lAA m a rk e r , r e p r e s e n t e d  o n ly  6% o f  t h e  e l u t e d  r a d i o ­
a c t i v i t y  (T a b le  2 4 ) .  S i m i l a r l y ,  i n  e x p e r im e n t 2 o f  t h e  v a s c u l a r  
s t r a n d  f e e d in g  e x p e r im e n ts ,  TLC o f  t h e  wood ( p l a n t  B) show ed two m ain  
p e a k s ,  th e  f i r s t  o f  w h ich  c o rre s p o n d e d  t o  th e  lAA. m a rk e r  and  
r e p r e s e n t e d  35% o f  t h e  r a d i o a c t i v i t y  e l u t e d  from  t h e  p l a t e  (T a b le  3 0 ) ,  
w h e reas  on HPLC a n a l y s i s ,  o n ly  4% o f  t h e  e l u t e d  r a d i o a c t i v i t y  
c o r re s p o n d e d  w i th  t h e  lAA m a rk e r  (T a b le  3 1 ) . The h i g h e r  r e s o l u t i o n  
o f  a c i d i c  e t h e r  s o lu b l e  5 - % -lA A  d e r i v a t i v e s  b y  HPLC, p r o v id e s  much 
m ore in f o r m a t io n  th a n  TLC c o n c e rn in g  th e  m e ta b o lism  o f  lAA an d  s h o u ld  
a f f o r d  a  m ore d e f i n i t i v e  m easu rem en t o f  t h e  am ount o f  u n ch an g ed  lAA. 
i n  th e  r e c e iv i n g  t i s s u e .
E v id e n c e  f o r  movement o f  r a d i o a c t i v e  lAA from  th e  a p i c a l  b u d  
o f  n o d u la te d  a l d e r  s e e d l in g s  was b a s e d  on c o -c h ro m a to g ra p h y  w i th  lAA 
by  TLC. In  s u b s e q u e n t  e x p e r im e n ts  w i th  n o d u le  lo b e  and  v a s c u la r  
s t r a n d - f e d  p l a n t s ,  HPLC o f  a c i d i c  e t h e r  e x t r a c t s ,  as  m e n tio n e d  a b o v e , 
show ed t h a t  a  l a r g e  p r o p o r t io n  o f  t h e  r a d i o a c t i v i t y  w h ich  h a d  co­
c h ro m a to g ra p h e d  w i th  lAA b y  TLC, c o u ld  be  r e s o lv e d  t o  r e v e a l  o t h e r  
com pounds. E v id e n c e  from  TLC a lo n e  f o r  movement o f  lAA w i th in  a l d e r  
s e e d l in g s  , i s  o b v io u s ly  t h e r e f o r e  in a d e q u a te  and  can  a t  b e s t  o n ly  
r e i n f o r c e  t h e  p o s s i b i l i t y  o f  t r a n s l o c a t i o n  o f  lAA from  t h e  ap ex  t o  
o t h e r  p l a n t  p a r t s .
As was shown f o r  endogenous lAA a n a ly s e s  i n  P a r t  I ,  S e c t io n s  2 .3  
and  2 . 4 ,  a n a ly s i s  o f  t h e  lAA r e g io n  o f  a c i d i c  e t h e r  s o lu b l e  e x t r a c t s  
b y  p r e p a r a t i v e  HPLC r a t h e r  t h a n  TLC, s t i l l  does n o t  c o m p le te ly  s e p a r a te  
lAA from  c o n ta m in a n ts  , s in c e  f u r t h e r  p u r i f i c a t i o n  o f  t h e  lAA r e g io n  
o f  p r e p a r a t i v e  HPLC e l u a t e s  from  endogenous e x t r a c t s ,  s u c c e s s iv e l y  
rem oved U.V. a b s o rb in g  com ponents ( F ig u r e s  4 , 5 , 8 ) .  Even a f t e r
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a d d i t i o n a l  c h ro m a to g rap h y  by  p r e p a r a t i v e  HPLC t h e r e f o r e ,  em ployed  
w ith  e x t r a c t s  from  n o d u le  lo b e  and  v a s c u la r  s t r a n d - f e d  p l a n t s ,  d e f i n i t e  
c o n c lu s io n s  r e g a r d in g  t h e  i d e n t i t y  o f  th e  r a d i o a c t i v i t y  c o - e l u t i n g  
w i th  lAA c a n n o t be  d raw n. N e v e r th e le s s ,  i n  t h e s e  s t u d i e s ,  t h e  
a d d i t i o n a l  in f o r m a t io n  p ro v id e d  by  th e  u se  o f  tw o c h ro m a to g ra p h ic  
sy s te m s  f o r  a n a ly s i s  o f  r a d i o a c t i v e  m e ta b o l i te s  d e r iv e d  from  5“ ^H-1AA, 
does p ro v id e  somewhat s t r o n g e r  e v id e n c e  f o r  movement o f  an  lA A -lik e  
compound b e tw e e n  th e  r o o t  n o d u le s  and  o t h e r  p a r t s  o f  a l d e r  s e e d l i n g s .
I n  many p u b l i s h e d  a c c o u n ts  o f  movement o f  r a d i o a c t i v e  lAA in  o t h e r  
s p e c i e s ,  e i t h e r  TLC a lo n e  o f  e th a n o l  s o lu b le  e x t r a c t s ,  o r  TLC 
fo l lo w in g  s o lv e n t  p a r t i t i o n i n g ,  h a s  b e e n  u s e d  f o r  a s s e s s m e n t  o f  th e  
n a tu r e  o f  t h e  r a d i o a c t i v i t y .  T hese  in c lu d e  s t u d i e s  o f  movement o f  
lAA from  th e  s h o o t  a p ic e s  o f  d w arf p e a  (M o rr is  e t  a l . ,  1969) and  V ic ia  fab  a  
(B o u rb o u lo u x  and  B onnem ain , 1 9 7 4 ) . A lth o u g h  c o n c lu s io n s  c o n c e rn in g  
th e  movement o f  lAA b a s e d  on TLC may be  s u s p e c t  f o r  t h e  r e a s o n s  d i s c u s s e d  
a b o v e , s tu d i e s  n o t in g  a c c u m u la tio n  o f  r a d i o a c t i v i t y  i n  t h e  l a t e r a l  r o o t  
p r im o r d ia  o f  p l a n t s  f e d  r a d i o a c t i v e  lAA v i a  t h e  s h o o t  ap ex  a r e  o f  
i n t e r e s t  (M o rr is  e t  a l . ,  1 9 6 9 ; R ow ntree and M o r r i s ,  1 9 7 9 ) ,  s in c e  th e y  
s u g g e s t  a  way in  w h ich  movement o f  lAA from  th e  s h o o t  c o u ld  in f lu e n c e  
r o o t  d ev e lo p m en t b y  r e g u l a t i n g , f o r  e x a m p le , i n i t i a t i o n  o f  l a t e r a l  
r o o t  p r im o r d ia .  A lth o u g h  t h e  p r e c i s e  l o c a t i o n  o f  r a d i o t r a c e r  i n  th e  
a l d e r  r o o t  sy s te m  was n o t  d e te rm in e d  i n  t h e  p r e s e n t  s tu d y ,  th e  
o c c u r re n c e  o f  su ch  movement w ou ld  h av e  im p o r ta n t  i m p l ic a t i o n s  f o r  
n o d u le  dev e lo p m en t s in c e  i n  n o n -1 egum es, ^ n o d u le s  may b e  v iew ed  
a n a to m ic a l ly  as m o d if ie d  l a t e r a l  r o o t s  (C a lla h am  a n d  T o r r e y ,  1 9 7 7 ) .
T here  i s  a  p a u c i ty  o f  p u b l i s h e d  in fo r m a t io n  c o n c e rn in g  movement 
o f  lAA from  r o o t s  t o  s h o o t  i n  i n t a c t  p l a n t s .  H ow ever, a  p o t e n t i a l  
f o r  movement t o  a l l  p l a n t  p a r t s  o f  t h e  c y to k i n in ,  z e a t i n ,  f o l lo w in g  
a p p l i c a t i o n  by  m ic r o p ip e t t e  o f  ^ ^ C -z e a t in  t o  a l d e r  n o d u le s ,  h a s  b e e n  
d e m o n s tra te d  (H enson an d  W h e e le r , 1 9 7 7 d ) . Z e a t in  a n d  a  num ber o f  
m e ta b o l i te s  w ere  d e te c te d  by  a  v a r i e t y  o f  c h ro m a to g ra p h ic  p ro c e d u re s  
in c lu d in g  io n -e x c h a n g e , p a p e r ,  TLC an d  S ephadex  LH -20; t h e  o c c u r r e n c e  
o f  m ore p o l a r  m e ta b o l i t e s  su c h  as g lu c o s id e s  was p a r t i c u l a r l y  n o t a b l e .
I n  th e  p r e s e n t  e x p e r im e n ts , a c i d i c  e t h e r  e x t r a c t s  o f  r o o t s  g e n e r a l l y  
c o n ta in e d  th e  h ig h e s t  p r o p o r t io n  o f  r a d i o a c t i v i t y  a s s o c i a t e d  w ith  
lAA com pared t o  o t h e r  p l a n t  p a r t s  . F o r  ex a m p le , HPLC a n a ly s i s  o f  r o o t
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e x t r a c t s  from  n o d u le  lo b e  and  v a s c u l a r  s t r a n d - f e d  p l a n t s  show ed t h a t  
4- 69% (T a b le  24) an d  16-62% (T a b le  31 ) o f  r a d i o a c t i v i t y  r e s p e c t i v e l y ,  
e l u t e d  a t  t h e  lAA. m a rk e r  p o s i t i o n ,  s u g g e s t in g  t h e  l e a s t  m e ta b o lism  
o f  a l l  t h e  e x t r a c t s  i n  th e  a c id i c  e t h e r  s o lu b le  f r a c t i o n .  M ost 
m e ta b o lism  o f  a p p l i e d  lAA was shown g e n e r a l ly  by  th e  le a v e s  from  b o th  
n o d u le  lo b e  and  v a s c u l a r  s t r a n d  f e e d in g  e x p e r im e n ts  w here  HPLC show ed 
u s u a l l y ,  l e a s t  r a d i o a c t i v i t y  a s s o c i a t e d  w ith  lAA (1-12% , T a b le  2k and
2-17% , T a b le  3 1 , r e s p e c t i v e l y ) .
I n  t h e  n o d u le  lo b e  and  v a s c u la r  s t r a n d  f e e d in g  e x p e r im e n ts ,  
s e p a r a te  a n a ly s i s  o f  th e  b a r k  and  s tem  p ro v id e d  some in f o r m a t io n  
c o n c e rn in g  t h e  p a th w ay s f o r  t r a n s p o r t  o f  . r a d i o t r a c e r  w i t h in  t h e  p l a n t .  
The o c c u r r e n c e  o f  lA A - lik e  r a d i o a c t i v i t y  b o th  i n  th e  b a r k  (ph loem  a n d /o r  
cambium) and  wood (xy lem ) o f  a l d e r  s tem s i s  i n  a c c o rd a n c e  w i th  p u b l is h e d  
r e p o r t s ,  b a s e d  on a  v a r i e t y  o f  a n a l y t i c a l  t e c h n i q u e s ,  f o r  t h e  p re s e n c e  
o f  lAA in  t h e  ph loem  an d  xy lem  o f  s e v e r a l  d i f f e r e n t  s p e c ie s  (Hoad e t  a l . , 
197I ;  H a l l  and  B a k e r , 1 9 7 2 ; H a l l  and  M edlow, 1 9 7 4 ; S h e ld r a k e ,  1 9 7 3 ; 
A lle n  e t  a l . , 1 9 7 9 )•
In  n o d u le  f e d  p l a n t s ,  t h e  p re s e n c e  o f  lA A - lik e  r a d i o a c t i v i t y  i n  b a rk  
e x t r a c t s  s u g g e s ts  e i t h e r  t r a n s f e r  from  th e  x y lem , w h ich  w ou ld  b e  th e  
u s u a l  e x p o r t  r o u te  from  th e  n o d u le , o r  r e - e x p o r t  from  o t h e r  p l a n t  p a r t s , 
a f t e r  th e y  h a d  i n i t i a l l y  r e c e iv e d  r a d i o a c t i v i t y  d e r iv e d  from  l a b e l l e d  
lAA, v i a  th e  xy lem . ky lem  t o  ph loem  t r a n s f e r  h a s  b e e n  shown i n  t h e  stem  
o f  o t h e r  w o o d y n sp e c ie s  such  as w illo w  (Hoad e t  a l . .  1971) and  sycam ore 
(Zam ski and  W a re in g , 1 9 7 4 ) . R e -e x p o r t  o f  n o d u le - d e r i v e d  f i x e d  n i t r o g e n  
compounds h a s  b e e n  d e m o n s tra te d  i n  le g u m e s , from  t h e  s h o o t t o  o t h e r  
p l a n t  p a r t s  (O g h o g h o rie  and  P a t e ,  1 9 7 2 ; P a te  and  F l i n n , 1 9 7 3 ) . As 
w e l l  as p r o v id in g  an e x p la n a t io n  f o r  th e  p re s e n c e  o f  lA A - lik e  r a d i o ­
a c t i v i t y  i n  th e  p h lo em , su ch  r e c y c l i n g  o f  n o d u le  p r o d u c ts  m ig h t a c c o u n t 
f o r  t h e  a c c u m u la t io n  o f  o n ly  v e ry  low  l e v e l s  o f  r a d i o a c t i v i t y  b y  th e  
u n fe d  n o d u le s  i n  a l l  e x p e r im e n ts .  A l l  n i t r o g e n  f i x e d  b y  th e  n o d u le  
le a v e s  v i a  t h e  xy lem  an d  t r a n s p i r a t i o n  s t r e a m , so  t h a t  d i s t a l  r e g io n s  
o f  th e  r o o t  and  th e  g row ing  a p ic e s  o f  n o d u le s  o n ly  a c q u i r e  f ix e d  
n i t r o g e n  a f t e r  i t  h a s  b e e n  c y c le d  th ro u g h  th e  s h o o t  and  r e t u r n e d  t o  
t h e  r o o t  i n  t h e  t r a n s l o c a t i o n  s tr e a m . I n  t h e  c a se  o f  f r a d i o t r a c e r  f e d  
t o  a  n o d u le ,  t h i s  c y c l in g  p ro c e s s  c o u ld  r e s u l t  i n  o n ly  a  low  l e v e l  o f  
movement o f  r a d i o a c t i v i t y  t o  t h e  u n fe d  n o d u le s  com pared  t o  o t h e r  p l a n t  
p a r t s  w h ich  r e c e iv e  r r â à m o t r a c e r  e a r l i e r  i n  t h e  r e c y c l i n g  p r o c e s s .
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T hese s tu d i e s  on th e  m o b i l i t y  o f  r a d i o a c t i v e l y  l a b e l l e d  lAA, 
h av e  shown t h a t  s m a l l  am ounts o f  h o rm o n e -d e r iv e d  l a b e l ,  c o -c h ro m a to g ra p h in g  
w i th  lAA on p r e p a r a t i v e  HPLC, can  move from  f e d  n o d u le s  o f  a ld e r  
s e e d l in g s  t o  th e  s h o o t  o f  t h e  h o s t  p l a n t .  I n  a d d i t i o n ,  movement o f  
r a d i o a c t i v i t y  from  t h e  a p i c a l  b u d  o f  a l d e r  s e e d l in g s  t o  t h e  r o o ts  
and  n o d u le s  h a s  b e e n  show n, a  p r o p o r t io n  o f  th e  a c i d i c  e t h e r  s o lu b le  
r a d i o a c t i v i t y  c o -c h ro m a to g ra p h in g  w ith  lAA. by  TLC; th e  p o t e n t i a l  e r r o r s  
o f  t h i s  a n a l y t i c a l  m ethod  h a v e ,  h o w e v e r, b een  d i s c u s s e d .
The s i g n i f i c a n c e  o f  n o d u le  horm one movement s u g g e s te d  b y  th e  
m o b i l i t y  o f  a p p l i e d  r a d i o a c t i v e  horm one i s  unknown. H ow ever, i n  a 
p r e v io u s ly  p u b l i s h e d  r e p o r t ,  i n  w h ich  movement o f  l ^ C - z e a t in  from  
r o o t  n o d u le s  t o  a l l  p a r t s  o f  a l d e r  s e e d l in g s  in c lu d in g  t h e  s h o o t  was 
d e m o n s tra te d  (H enson and  W h e e le r , 1 9 T ? d ) , s u b s e q u e n t  c o m p ariso n  o f  
endogenous c y to k in in  l e v e l s  i n  n o d u la te d  and n o n - n o d u la te d  p l a n t s  
s u g g e s te d  t h a t  t h e  c o n t r i b u t i o n  o f  n o d u le  c y to k in in s  t o  t h e  com plem ent 
o f  t h e  h o s t  p l a n t  was n e g l i g i b l e  (W h ee le r and  H enson , 1 9 7 8 ) . T h e r e f o r e ,  
s h o u ld  f u r t h e r  s tu d i e s  c o n c lu s iv e ly  p ro v e  th e  m o b i l i t y  o f  r a d i o a c t i v e  
lAA. d e r iv e d  from  a p p l i e d  l a b e l ,  b e tw een  th e  s h o o t an d  n o d u la te d  r o o t  
sy s te m  o f  a l d e r  s e e d l in g s  , t h e  r e le v a n c e  t o  endogenous movement m ust 
b e  q u e s t io n e d  i n  m ore d e t a i l .
The p r e s e n c e  o f  l a r g e  am ounts o f  lAA may r e f l e c t  t h e  a c c u m u la tio n  
o f  im m obile  a u x in  d e r i v a t i v e s  r a t h e r  th a n  m e ta b o lis m , w h e re as  low l e v e l s  
may i n d i c a t e  a  h ig h  r a t e  o f  t u r n o v e r  and  a  low  l e v e l  o f  im m o b i l i s a t io n .
Due c o n s id e r a t io n  w o u ld  b e  r e q u i r e d ,  t h e r e f o r e ,  i n  f u r t h e r  w o rk , t o  
be  g iv e n  t o  t h e  p h y s io l o g i c a l  s i g n i f i c a n c e  i n  r e c e iv i n g  t i s s u e s  o f  th e  
movement o f  ev en  v e iy  s m a l l  am ounts o f  endogenous lAA.
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T able 1
A p p l ic a t io n  o f  5~^H-1AA t o  a p i c a l  b u d s . The 
d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  b e tw e en  t h e  a c id i c  
e t h e r  and  aqueous f r a c t i o n s  o f  th e  s e p a r a t e d  
p l a n t  p a r t s .
F r a c t i o n a t e d r a d i o a c t i v i t y  ( d .n .m . X I 0 ‘ b
P l a n t  p a r t Aqueous uH3
_ A B C A ■R c
Fed a p i c a l  b u d 650 290 500 150 130 120
Stem 77 36 47 100 l4 0 100
Top le a v e s  (2 ) 7 .9 3 .5 2 .1 1 .7 0 .8 0 .3
Lower le a v e s 0 .2 0 .0 0 .5 0 .0 0 .0 0 .0
R oots 1 .7 1 .2 0 .6 3 .2 3 .6 1 .9
N odules 0 .3 0 .0 3 0 .1 0 .2 0 .1 0 .0 7
A P P E N D I X
120
OJ
(Lî
rH
$
(U
rP 0P>
d(U A(U
> •P-p 00 CO
rQ HA
-p P
•H 0!> -P•H cO
P>
0 cO03 A
0 0•H 0
cc3 0
h flpA
0 A
0
P
0 0
•H 0-P 00 •H
rQ P•H 0
P cO
P> hm A•HP
'A
0 0
P PEH *H0
0
!h00 P
I
0 0
0 0Pj
P P
0 0
0
U 0•H
0 P
P •H
d
0
K 0
00 r01 P
LfN 0
A Ü
0 * H
0
0 cO
0 P•H
P0 0
0 0• H 0iH 0
A 0A O*< d
0H
X
à
A COP W
A
P
•H1>•H
P
0
d
0• H
Pd
0
P
0
Pd
0
0•H 00
P ÎP0 Ad
0A
o
pq
o
PQ
o
PQ
PQ
Pi
40
a
OJ o
o-
- V  I—I
ON VO OJ H
^  H
ON 00
LTN VO 
CM
CO "H
ON I—1
LT\ H
cT|
CM 
1—1
ON P - 0
H
P -
P -
CM
p -
P - %
VO A CM 0 0 0 0
E-
p -
CM p- LfN 0
P
CON t —
1 0
c o
CM
H
VO H CM
A
q CO q E- CM P
CM H CD 0 ON CD I—1 0 CD
-= i-
CM H  O
CO iH
LT\
rH rH 
H  VO
q
o
LTNO
o
CO
VO
CM
CO VD VO
0 0 0
ON LO 
-V  H
!>-
O
CO
o
VD VO
O
O
O
O
o
VO - V  
I—I -M*
00 O
a
H  O
O  Q
CO
O
O
-V
CM
g  g
CO CM
CO
O
CM
LTN CO
^  O  
O i  VO
a -s
I— i
CM
CD
VO
c6
CD
§ M
■g
to
CUhQ
A
P P 0
0 0 P0  P 0 0(L) a PP  P •H 0_ 0 d 0 0a  p  0 0
0 0 -H A PP  A  A M 0CQ <! A A
O
O
VO
H
LC\
H
q  H
00 H
VO p - VO CO VO
CO 0 CM p 0
VO
H
H
VO
o H
CM
O
O
CM
O
o
8
O
o
LTN
CM
H  VO 
CM CM
LfN
ON
CM
H
O N  O  E>- MO
LTN C O  ^  H
H
CON
CO
CM S' -A
cn
■ P
8
p :;
0
0 0
0
a
p
> àd 00 p 0
A CO
l—J
-pI
CU
<u
£ÎH
CU
A
t
CO
%
g
bO
•H
8
•H
• H
1
A
I
m
121
P
OJ
0 <—I
EH
j-
I
H
X
I
• H
en
H
Â
p
•HPCJd0
1
0
P
0
I
•H
■ë
d
Ê
O
PQ
ro
O
pq
0
1
o
pq
p
A
I
o o o oo  p -  co c o
OJ OJ CM H
H
O  OO O '  CM 
O  0 0  E -  V û 
0 0  H
O  OO 0 0  CO 
O  p  CO I—1 
OO
00
V û
OO
00
o
CM
g  o 
OO op" I—i
O  CM 
CM ON 
P
O O 
OO CO 
r—I P
O vo
P  CM
CM V D  
E -  CD
OJ
P
O  
I—î
CM
O
P
o p O O LfN O O o OOo VD ON CO o OO o LfNp OJ OO P VD p LfN
p P
CM
o o O ON LfN O o Q Oo LfN P VD O CM M LfN
ON OJ LfN P VD P
p P
OO
o E- VD ON 1—1 O O Q Oo P VD P O 00 O E-ltn
m
I
0
0
I
H
i 0O 0 0
0 w 0 a p-P î> ëP O d 00 O 0 -P oA A A en A
VD
8
O
rH
I
I
g '
§
CNJ
H
i
o\
CD
CM ^  CM
P  O  ON
O  CM P
O  P  ltn
00
CO
E -  C 'A V D  C D  
LfN 0 0
LTN CO 
O
O  O  CM P  CO
< 0  ON CO OO OO
P -  P
8  g
P  CM g
CM CO O  
0 0  OO OO
t P  P
LfN ON Q
S
rH
§
o
P
p
p
I0:
A P0
p
Oo
ë A > 0o 0 1 1 00 0 0 g p-P > ëP O d 00 O 0 -P oA A A CO A
(O,
H
EH
A
0
8
•H
A
d
O 0
§
•H
A
A
10 P
A •H
•H 0
0 0
A 00 
• H P
P i
0
A 0
A 0g
0
P CJ
0
p
•H
A CJ0 d
5
0
A0 0
> O
0
•H
0
g
O
d
A
0 i
A O
O 0
O 0
0 c 0d AO
A 0 U
A AA
0 0
1 0 dÎA 0 H
OO A
1 A PLTN 0
A A
0
Ao 1=0d
0
A
•H ÛO î> A
•H • H 0
A A 0d CJ
CJ d 0
•H O A
Aë AA d A
0 O
-4-
I
H
X
P
P CM
O o O CM P P O o O P P P
LTN CM 00 o OO P CM P P
H P
q
CM P
0
0 pq O O P O O o g O 00 O PP p 1—1 ON P P VD 00 OO 00 1—1 P
•H 1—1 00 1—1 P LfN OO p
0
0
A
OO P P ON<
VD o LfN OO LfN O O o 00 1—1 OO
A OO VD CO o CM CM
P P LfN p
LfN CM LfN
o O P CM P O O P O CO O CM
A P P CM VD. CM 1—1 P
H P P CM
P LfN CO
00
A pq A CM CO O 1—1 O O O P O PA P ON CM o OO p CM VD
CM p CM
P P VD ON
< OO VD P LfN O O O p VD O (DVD 00 OO O P VD OO
P 1—1
VD OO LfN 1—1o
A P CM P o
OO
LfN
OO pq
W O O P 00 OA OJ CM CM p
O OO OO CM<
P ON VD LfN O
VD
ON P
o O O O P OO O O O O O OVD P CM O CO O OO p P
IP P 00 CM OO CM CM P
p0
0
O
0 pq
0 CM O O O P
A (ON P A" A* P o O O Q O P<1 00 VD P OO P O 00 CO CMco ON CM CM CM
P
<!
IA
I
Ü
O O
^  -a °s
p
p
OO
00
0 CM 0d
P
d PP A P
S
0
0 0 0i 0 1 o0 •0d A 0 0 ■H d 0> 0 0 0
a
P 0 î>
p A > pf 0O d 0 P A P0 O 0 A O X 0A pq A CO H A
8 s  s  R K
c o  ON 00
A .
0I
0
i0A
I
A
§Acü
PO
O
>
0
0
gO
A
122
I
0f
.5
A"
§
P
I
&
A
00 
%
d
g
•H
§
‘HA
•H
1
A
I
ë
CO
REFERENCES . 123
A asheim , T . & I v e r s e n , T . ( l 9 T l ) :  D e c a rb o x y la tio n  and  t r a n s p o r t  o f
a iix in  i n  seg m en ts  o f  s u n f lo w e r  and  cabbage  r o o t s  I I . A 
c h ro m a to g ra p h ic  s tu d y  u s in g  lA A -l-^ ^ C  and 1AA-5” ^H.
P h y s io l .  P l a n t  2 4 , 3 2 5 -3 2 9 .
Abdel-Rahm an , M. , Thom as, T .H . , D o ss , G .J .  & H o w e ll, L . (1 9 7 5 ) :
Changes i n  endogenous p l a n t  horm ones in  c h e r r y  to m a to  f r u i t s  
d u r in g  d ev e lo p m en t and  m a tu r a t io n .
P h y s io l .  P l a n t  39"43 .
A kkerm ans, A .D .L . , A b d u lk a d ir ,  S . & T r i n i c k ,  M .J . ( 1 9 7 8 ) :  N i t ro g e n -
f i x i n g  r o o t  n o d u le s  i n  U lm aceae , N a tu re  2 7 4 , 1 9 0 .
A le k s e e v a , I . I .  & Shram ko, V .I .  (1 9 7 7 ) :  I n d o l i c  c o m p o s itio n  o f  th e
b a c t e r o i d ,  m embrane and  s o lu b le  f r a c t i o n s  o f  y e llo w  lu p in e  n o d u le s .  
S o v ie t  P l a n t  P h y s io lo g y  _24, 1 1 4 -1 1 8 .
A l l e n ,  S .K . & A l l e n ,  O.N. (1 9 5 8 ) :  B io l o g ic a l  a s p e c t s  o f  s y m b io t ic
n i t r o g e n  f i x a t i o n .  I n :  E n c y c lo p a e d ia  o f  p l a n t  p h y s io o o g y . V o l .8 .
Ed. W. R u h lan d . S p r in g e r—B e r lin -H e id e lb e rg -N e w  Y o r k .p p .4 8 -1 1 8 .
A l l e n ,  J .E .F .  , G reenw ay, A.M. & B a k e r ,  D.A. (1 9 7 9 ) :  D e te rm in a t io n s  o f
i n d o l e - 3 - a c e t i c  a c id  i n  xy lem  sa p  o f  R ic in .us communis L. u s in g  m ass 
fra g m e n to g ra p h y . P l a n t a  l 4 4 , 299“ 303.
A ltm an , A. & W a re in g , P .F .  (1 9 7 5 ) :  The e f f e c t  o f  lAA on s u g a r  a c c u m u la tio n
and  b a s i p e t a l  t r a n s p o r t  o f  ^ ^ C - la b e l le d  a s s i m i l a t e s  i n  r e l a t i o n  t o  
r o o t  fo rm a tio n  i n  P h a s e o lu s  v u l g a r i s  c u t t i n g s .
P h y s io l .  P l a n t , 3 3 , 3 2 -3 8 .
A ro ra ,  N . , S k o o g , F . & A l l e n ,  O.N. (1 9 5 9 ) :  K in e t in - in d u c e d  p se u d o n o d u le s
on to b a c c o  r o o t s .  Amer. J .  B o t. _46, 61O-6 1 3 .
A tsu m i, S . & H a y a s h i , T. (1 9 7 8 ) :  The r e l a t i o n s h i p  b e tw e e n  a u x in
c o n c e n t r a t i o n ,  a u x in  p r o t e c t i o n  and a u x in  d e s t r u c t i o n  i n  crown 
g a l l  c e l l s  c u l t u r e d  i n  v i t r o .
P l a n t  & C e l l  P h y s io l .  1 ^ ,  1391-1397*
A tsu m i, S . ,  K u r a i s h i ,  S . & H a y a s h i,  T. (1 9 7 6 ) :  An im provem ent o f
a u x in  e x t r a c t i o n  p ro c e d u re  and  i t s  a p p l i c a t i o n  t o  c u l t u r e d  p l a n t  
c e l l s .  P l a n t a  1 2 9 , 2 4 5 -2 4 7 .
B a n d u r s k i ,  E .S . & S c h u lz e ,  A. (1 9 7 4 ):  C o n c e n t ra t io n s  o f  in d o le - 3 “ a c e t i c
a c id  and  i t s  e s t e r s  i n  A vena an d  Z e a .
P I .  P h y s i o l .  257- 2 6 2 .
B a n d u r s k i,  R .S . & S c h u lz e ,  A. (1 9 7 7 ) :  C o n c e n tra t io n  o f  i n d o l e - 3 - a c e t i c
a c id  an d  i t s  d e r i v a t i v e s  i n  p l a n t s .
P l a n t  P h y s io l .  2 1 1 -2 1 3 .
124
B a n d u r s k i ,  E . S , ,  U eda , M ., & N i c h o l l s , P .B . ( 1 9 6 9 ) :  E s t e r s  o f  i n d o le -
3- a c e t i c  a c id  a n d  m y o in o s i to l .
Ann. N .Y . A cad. S c i .  I 6 5 , 655- 6 6 7 .
B a t r a ,  M .W ., E d w ard s , K .L . , & S c o t t ,  T .K , (1 9 7 5 ) :  A uxin  t r a n s p o r t  i n
r o o t s :  i t s  c h a r a c t e r i s t i c s  and  r e l a t i o n s h i p  t o  g ro w th .
I n :  The d e v e lo p m en t and  f u n c t io n  o f  r o o t s .  E d s . J .G .  T o r re y  and  
D .T . C la rk s o n ,  A cadem ic P r e s s ,  New Y o rk , p p .299“ 325*
B e n t le y ,  J .A .  ( 1 9 6 2 ) A n a ly s is  o f  p l a n t  ho rm ones. I n :  M ethods o f
b io c h e m ic a l  a n a l y s i s .  V o l .9* E d . D. G lb c k . I n t e r s c i e n c e  P u b l i s h e r s
p p . 75- 1 2 5 .
B e r g e r ,  J .  & A v e ry , G .8 . (1 9 4 4 ) :  I s o l a t i o n  o f  an a u x in  p r e c u r s o r  and
an a u x in  ( i n d o l e a c e t i c  a c id )  from  m a iz e .
Am e r .  J .  B o t. 199“ 203*
h/  B erm udez, de C a s t r o ,  P . ,  C a n iz o , A . ,  C o s t a ,A , , M ig u e l, C. ,  & R o d r ig u e z -
B a r ru e c o ,  C. (1 9 7 7 ) :  C y to k in in s  and  n o d u la t io n  o f  t h e  no n -leg u m es
A lnus g l u t i n o s a  a n d  M y rica  g a l e . I n :  R e c e n t d e v e lo p m en ts  i n
n i t r o g e n  f i x a t i o n .  Eds.W . N ew ton, J .R .  P o s tg a te  an d  C. R o d r ig u e z -
B a r ru e c o ,  A cadem ic P r e s s ,  pp . 539“ 550.
B e r r y ,  A. & T o r r e y , J .G .  (1 9 7 9 ) :  I s o l a t i o n  and  c h a r a c t e r i z a t i o n  in
v iv o  and  ^  v i t r o  o f  an a c tin o m y c e to u s  e n d o p h y te  from  A lnus
r u b r a  B ong. I n :  S y m b io tic  n i t r o g e n  f i x a t i o n  i n  t h e  m anagem ent
o f  t e m p e ra te  f o r e s t s .  E d s .J .C .  G ordon , C .T . W h ee le r an d  D.A. P e r r y .
S c h o o l o f  F o r e s t r y ,  O regon S t a t e  U n iv e r s i ty ,  p p . 69- 8 3 .
B id w e l l , R .G .S . ,  & T u r n e r ,  W.B. (1 9 6 6 ) :  The e f f e c t  o f  g ro w th  r e g u l a to r s
on COg a s s i m i l a t i o n  i n  le a v e s  and  c o r r e l a t i o n  w i th  b u d  b r e a k
r e s p o n s e  i n  p h o to s y n th e s i s .  P l a n t  P h y s io l .  4 l ,  267- 2 7 0 *
Bombaugh, K .J .  (1 9 7 1 ) :  The p r a c t i c e  o f  g e l  p e rm e a tio n  c h ro m a to g ra p h y .
I n :  Modern ^ P r a c t i c e  o f  L iq u id  C hrom atog raphy . E d . J . J .  K ir k la n d .
W ile y , p p . 237- 2 8 5 .
B onnem ain , J .  (1 9 7 1 ) :  T r a n s p o r t  e t  d i s t r i b u t i o n  des t r a c e u r s  a p rè s
a p p l i c a t i o n  de A1A -2 ^^C s u r  l e s  f e u i l l e s  de V ic ia  f a b a .
C.R. A cad. S c i .  P a r i s .  D. 2 7 3 , 1699 -1 7 0 2 .
B o n n e r, J .  (1 9 3 3 ) :  The a c t i o n  o f  t h e  p l a n t  g row th  hormone*
J .  Gen. P h y s i o l .  63- 7 6 .
B o n n e r , J .  & T him ann, K.V. (1 9 3 5 ):  S tu d ie s  on th e  g ro w th  horm one o f
p l a n t s .  V I I .  The f a t e  o f  g ro w th  s u b s ta n c e  in  t h e  p l a n t  and  th e
n a tu r e  o f  t h e  g ro w th  p r o c e s s .  J .  Gen. P h y s io l .  1 ^ ,  649- 6 5 8 . 
B id w e l l ,  E .G .S . ,  L e v in , W.B. , & T am as, I .A .  ( I 9 6 8 ) : I n :  B io c h e m is try
and p h y s io lo g y  o f  p l a n t  g row th  s u b s ta n c e s .  E d s . F .W ightm an and  G.
S e t t e r f i e l d ,  O tta w a , I 9 6 7 . p p . 361- 3 7 6 . The e f f e c t s  o f  a u x in  on
p h o to s y n th e s is  and  r e s p i r a t i o n .
125
B o o th , A . ,  M oorby, J . ,  D a v ie s ,  G .E . ,  J o n e s ,  H. & W a re in g , P .F .  (1 9 6 2 ) ; 
E f f e c t s  o f  i n d o l y l - 3- a c e t i c  a c id  on t h e  movement o f  n u t r i e n t s  
w i th in  p l a n t s .  N a tu re  1 9 4 , 204~205,.
Bonma, D. (1970 ) : E f f e c t s  o f  n i t r o g e n  n u t r i t i o n  on l e a f  e x p a n s io n
and  p h o to s y n th e s is  o f  T -r ifd li iu n s u b te r ra n e u m  L. I I ,  C om parison 
b e tw e en  n o d u la te d  p l a n t s  and  p l a n t s  s u p p l i e d  w i th  com bined 
n i t r o g e n .  Ann. B o t. 1143“ 53.
B o u rb o u lo u x , A. & Bonnem ain J .L .  (1 9 7 4 ) :  T r a n s p o r t ,  d i s t r i b u t i o n  e t
m é ta b o lism e  de I ’ a u x in e  dans l a  r a c i n e  de V ic ia  f a b a  L. a p rè s  
a p p l i c a t i o n  de c]AMV ou de AlA s u r  l e  b o u rg e e n .
P l a n t a  1 1 £ , I 69- I 8 2 .
B r id g e s ,  I . G . , H i l lm a n , J . E . , & W i lk in s , M.B. (1 9 7 3 ) :  I d e n t i f i c a t i o n
and  l o c a l i s a t i o n  o f  a u x in  i n  p r im a ry  r o o t s  o f  Z ea mays b y  m ass 
s p e c t r o m e tr y .  P l a n t a  1 1 5 , 1 8 9 -1 9 2 .
B u r n e t t , D . , A u d u s, L . J . ,  & Z in s m e is t e r ,  H.D. (1 9 6 5 ) :  Growth s u b s ta n c e s
i n  t h e  r o o t s  o f  V ic ia  f a b a  -  I I .  Phytochem . _4, 8 9 1 -9 0 4 .
Callah'amO-'s D. & T o r r e y ,  J .G ,  (1 9 7 7 ) :  P re n o d u le  f o rm a tio n  and  p r im a ry
n o d u le  d ev e lo p m en t i n  r o o t s  o f  C om ntonia (M y r ic a c e a e ) .
Can. J .  B o t. 2 3 06 -2318 .
C a llaham ’ , D. , D el T r e d i c i , P . & T o r re y ,  J .G . (1 9 7 8 ) : I s o l a t i o n  and
c u l t i v a t i o n  j j i  v i t r o  o f  t h e  a c tin o m y c e te  c a u s in g  r o o t  n o d u la t io n  
i n  C om nton ia . S c ie n c e  1 9 9 , 899 -9 0 2 .
C a ru so , J . L . , S m ith , E .G . ,  S m ith , L.M. , C heng, T . ,  & D a v ie s ,  G. (1 9 7 8 ) :  
D e te rm in a t io n  o f  i n d o l e - 3 - a c e t i c  a c id  i n  D oug las f i r  u s in g  a  
d e u te r a t e d  a n a lo g  and  s e l e c t e d  io n  m o n ito r in g .
P l a n t  P h y s io l .  841-845*
C h am p au lt, A. (1 9 7 5 ) :  D e te c t io n  and  m easurem ent by  GC o f  lAA e x t r a c t e d
from  tw o ty p e s  o f  t i s s u e  o f  M e r c u r ia l i s  a n n u a .
C .R .A cad . S c i .  P a r i s ,  D, 2 8 0 , 591 -594 .
Chen, H.K. (1 9 3 8 ) :  P r o d u c tio n  o f  g row th  s u b s ta n c e s  b y  c lo v e r  n o d u le
b a c t e r i a .  N a tu re  l 4 2 , 7 5 3 -7 5 4 .
C h in g , T.M. , H e d tk e , S . ,  R u s s e l l ,  S .A . & E v a n s , H .J .  ( 1 9 7 5 ) :
E nergy  s t a t e  an d  d in i t r o g e n  f i x a t i o n  i n  so y b ean  n o d u le s  o f  d a rk -  
grown p l a n t s .  P l a n t  P h y s io l .  7 9 6 -7 9 8 .
C ohen, J .D . & B a n d u r s k i ,  R .S . (1 9 7 8 ) :  The bound  a u x in s :  p r o t e c t i o n
o f  i n d o l e - 3- a c e t i c  a c id  from  p p ^ ÿ o x id a s e - c a ta ly z e d  o x i d a t io n .  
P l a n t a  2 0 3 -2 0 8 .
126
C ru z , G .S. Da & A udus, L . J .  (1 9 T 8 ): S tu d ie s  o f  h o r m o n e -d ir e c te d
t r a n s p o r t  i n  d e c a p i t a t e d  s to lo n s  o f  S a x i f r a g a  s a rm e n to s a .
Ann. B o t, 4 2 ,  1 0 0 9 -1 0 2 ? .
D a r t ,  P . J .  (1 9 7 4 ) :  D evelopm ent o f  r o o t - n o d u le  s y m b io s e s . The
i n f e c t i o n  p r o c e s s .  I n :  The b io lo g y  o f  n i t r o g e n  f i x a t i o n .  Ed.
A. Q u is p e l ,  N o r th  H o lla n d  P u b l i s h in g  C o . ,  A m sterdam .p p .3 8 1 -4 2 9 .
D a r t ,  P . J .  ( 1 9 7 5 ) :  Legume r o o t  n o d u le  i n i t i a t i o n  and  d e v e lo p m en t.
I n :  The d ev e lo p m en t and  f u n c t io n  o f  r o o t s .  E d s . J .G .  T o r re y  and
D. T. C la rk s o n ,  A cadem ic P r e s s ,  Hew Y ork. p p . 467- 5 ^ 6 .
D a v ie s ,  C .R . & W a re in g , P .F .  ( 1 9 6 5 ) : A u x in - d i r e c te d  t r a n s p o r t  o f
ra d io p h o s p h o ru s  i n  s te m s . P l a n t a  6 5 , 1 3 9 -1 5 6 .
D ay, J .M . (1 9 7 2 ) :  S tu d ie s  on t h e  r o l e  o f  l i g h t  i n  legum e sy m b io se s .
P h .D . T h e s i s .  U n i v e r s i ty  o f  London.
DeYoe, D.R. & Z a e r r ,  J .B .  (1 9 7 6 ) :  I n d o l e - 3 - a c e t i c  a c id  i n  D ouglas F i r .
P l a n t  P h y s io l .  ^ 8 , 2 9 9 -3 0 3 .
D u l l a a r t ,  J .  ( 1 9 6 6 ) :  The lAA c o n te n t  o f  r o o t  n o d u le s  and  r o o t s  o f
Cycas c i r c i n a l i s  L. w i th  r e g a r d  t o  o th e r  r o o t  n o d u le  s y s te m s .
A c ta . B o t. H e e r l .  1J_, 4 9 6 -4 9 8 . 
y / p u l l a a r t ,  J .  ( 1 9 6 7 ) :  Q u a n t i t a t i v e  e s t im a t io n  o f  i n d o le  a c e t i c  a c id
and  in d o le  c a r b o x y l ic  a c id  i n  r o o t  n o d u le s  and r o o t s  o f  L upinus
l u t e u s  L. A c ta . B o t. W e e rl. 2 2 2 -2 3 0 .
D u l l a a r t ,  J .  ( I 9 7 0 a ) : The b io p r o d u c t io n  o f  i n d o le - 3 - a c  e t i c  a c id  and
r e l a t e d  compounds i n  r o o t  n o d u le s  and  r o o t s  o f  L u p in u s l u t e u s  L.
and  i t s  r h i z o b i a l  sy m b io n t. A c ta .B o t .N e e r l . 2 9 ,  5 7 3 -6 1 5 .
\ / D u l l a a r t ,  J .  (1970  ) :  The a u x in  c o n te n t  o f  r o o t  n o d u le s  and  r o o ts  o f
A lnus g l u t i n o s a  ( L . ) V i l l .  J .  Exp. B o t. 2 1 ,  9 7 5 -9 8 4 .
D u l la a r t , , J . & Dub a ,  L . I .  (1 9 7 0 ):  P re s e n c e  o f  g ib b e r  e l l i n - l i k e  s u b s ta n c e s
and t h e i r  p o s s ib l e  r o l e  i n  a u x in  b io p r o d u c t io n  i n  r o o t  n o d u le s  and
r o o t s  o f  L u p in u s l u t e u s  L. A c ta .B o t .N e e r l .  1 9 , 877- 8 8 3 .
D u r le y ,  R .C . , K a n n a n g a ra , T. & S im p so n , G.M. (1 9 7 8 ) :  A n a ly s is  o f
a b s c i s in s  and  3 - i n d o ly l  a c e t i c  a c id  i n  l e a v e s  o f  Sorghum  b i c o l o r  by 
h i ^  p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h y .
Can. J .  B o t. ^ 8 , 157“ l 6 l .
127
Eeuwens s C .J .  & Sch-wabe, W.W. (1 9 7 5 ) :  S eed  and  pod  w a l l  d eve lopm en t
in  P isnm  satdivum . L. i n  r e l a t i o n  t o  e x t r a c t e d  a n d  a p p l i e d  h o rm ones. 
J .  Exp. B o t. £ 6 ,  1-1À .
E l i a s s o n ,  B . , S t r o m q u i s t , L -H ., & T i l l b e r g ,  E. (1 9 7 6 ) ;  R e l i a b i l i t y  o f  
t h e  in d o le -c i-p y ro n e  f lu o r e s c e n c e  m ethod  f o r  i n d o l e - 3“ a c e t i c  a c id  
d e te r m in a t io n  i n  c ru d e  p l a n t  e x t r a c t s .  P h y s io l .  P l a n t .  36 ,  I 6- I 9 .
E l l i o t ,  M.C. & G reenw ood, M .S. (1 9 7 4 ) :  I n d o le - 3  y l - a c e t i c  a c id  i n  r o o t s
o f  Zea m ays. Phy tochem . 1 3 , 2 3 9 ~ 2 4 l.
E s c h r i c h ,  ¥ .  ( 1 9 6 8 ) ; T r a n s lo k a t io n  r a d i o a k t i v  m a r k i e r t e r  i n d o l y l - 3 -  
e s s ig s S u r e  i n  s ie b r o h r e n  von V ic ia  fa b  a . P l a n t a  %8 , 144-157*
F eu n g , C -S , H a m il to n , R .H ., & Murama, P .O . (1 9 7 6 ) :  M e ta b o lism  o f  in d o le -
3 - a c e t i c  a c id  I I I .  I d e n t i f i c a t i o n  o f  m e ta b o l i te s  i s o l a t e d  from  
crow n g a l l  c a l l u s  t i s s u e .  P l a n t  P h y s io l .  666- 6 6 9 .
F rydm an, V.M. , G a s k in , P . ,  & M acM illan , J .  (1 9 7 4 );  Q u a l i t a t i v e  and
q u a n t i t a t i v e  a n a ly s e s  o f  g i b b e r e l l i n s  th ro u g h o u t  s e e d  m a tu r a t io n  
i n  P isum  sa tivum , c v . P ro g re s s  No. 9* P l a n t a  I I 8 , 1 2 3 -1 3 2 .
G e o rg i , G .E . & B e g u in , A .E . (1 9 3 9 ) :  H e te ro a u x in  p r o d u c t io n  b y  e f f i c i e n t
and  i n e f f i c i e n t  s t r a i n s  o f  R h iz o b ia . N a tu re  1 4 3 ■> 25 .
G i a n n a t t a s i o ,  M. & C o p p o la , S . ( 1 9 6 9 ) :  I so la m e n to  d i  c i t o c h i n i n e  d a l
R hizob ium  1 e gi^ m ànodaB ïm n/ F ra n k , G io rn .B o t . I t a l .  1 0 3 . 11-17*
G le n n , J . L . ,  Kuo, C .C .,  D u r le y ,  R .C . ,  & P h a r i s , R . P . , (1 9 7 2 ) :  Use o f
in s io lu b le p o ly v in y lp y r r o l id o n e  f o r  p u r i f i c a t i o n  o f  p l a n t  e x t r a c t s  
and  ch ro m a to g ra p h y  o f  p l a n t  ho rm o n es. P hy tochem . I R ,  3 4 5 -3 5 1 .
G o ld s m ith , M.H.M. ( 1 9 6 8 ) :  The t r a n s p o r t  o f  a u x in .
Am. Rev. P I ,  P h y s io l ,  1 9 ,  347 -  360.
G o ld sm ith , M.H,M, (1 9 7 7 ) :  The p o l a r  t r a n s p o r t  o f  a u x in .
Ann, Rev. P I ,  P h y s io l .  4 3 9 -4 7 8 .
G o ld s m ith , M.H.Î#* O a ta ld o ,  D.A. , K a rn , J . ,  B rennem an, T. & T r i p ,  P . (1974) 
The r a p i d ,  n o n - p o la r  t r a n s p o r t  o f  a u x in  i n  t h e  ph loem  o f  i n t a c t  
C o leus p l a n t s .  P l a n t a  I I 6 , 301-317*
G reenw ood, M .S .,  Shaw, S . ,  H i l lm a n , J . R . , R i t c h i e ,  A . ,  & W ilk in s  , M.B. 
(1 9 7 2 ) : I d e n t i f i c a t i o n  o f  a u x in  from  Z ea c o l e o p t i l e  t i p s  b y  m ass
sp e c tro m e try *  P l a n t a  1 0 8 , 1 7 9 -1 8 3 .
G re g o ry , F .G . & H ancock , C .R , (1 9 5 5 ) :  The r a t e  o f  t r a n s p o r t  o f  n a t u r a l
a u x in  i n  woody s h o o ts .  Ann. B o t. 1 9 , 451-465*
128
G runw ald , G. , M endez, J .  & S to w e , B .B . ( 1 9 6 8 ) : S u b s t r a t e s  f o r  t h e
optim um  g as  c h ro m a to g ra p h ic  s e p a r a t i o n  o f  i n d o l i c  m e th y l e s t e r s  and  
t h e  r e s o l u t i o n  o f  com ponents o f  m e th y l- 3 - in d o le p y r u v a te  s o l u t i o n s .
I n :  B io c h e m is try  and  p h y s io lo g y  o f  p l a n t  g row th  s u b s ta n c e s .  Ed.
F. N igh tm an  an d  G. S e t t e r f i e l d ,  O tta w a , 1 9 6 7 . p p .1 6 3 -1 7 1 .
H a l l ,  S.M. & B a k e r , D.A. (1 9 7 2 ) :  The c h e m ic a l c o m p o s i tio n  o f  E ic in u s
phloem  e x u d a te . P l a n t a  1 0 6 , 131“ l4 o .
H a l l ,  S.M. & M edlow, G.G. (1 9 7 4 ):  I d e n t i f i c a t i o n  o f  lAA i n  phloem  and  r o o t
p r e s s u r e  s a p s  o f  H ic in u s  communis L. by  m ass s p e c t r o m e t r y .
P l a n t a  2 M >  257 - 2 6 1 .
H artm ann , T. & G lo m b itz a , K.W. (1 9 6 7 ) :  D er T ry p to p h a n  abb au  b e i
R hizob ium  leg u tn in o sa ru m . A rch . J .  M ik ro b io l .  1 - 8 .
H enson , I .E .  (1 9 7 8 ):  G y to k in in s  an d  t h e i r  m e ta b o lism  i n  le a v e s  o f
A in us g l u t i n o s a  L. G a e r tn . E f f e c t s  o f  l e a f  deve lopm en t:.
Z. P f la n z e n p h y s io l .  8 6 ,  363- 3 6 9 .
H enson , I .E .  & W h e e le r , G .T . (1 9 7 6 ) :  Hormones i n  p l a n t s  b e a r in g  n i t r o g e n -
f i x i n g  r o o t  n o d u le s :  t h e  d i s t r i b u t i o n  o f  c y to k in in s  i n  V ic ia  fab  a  L.
New P h y to l .  _%6, 433-439*
H enson , I .E .  & W h e e le r , G .T . (1 9 7 7 a ) :  Hormones i n  p l a n t s  b e a r in g  n i t r o g e n -
f i x i n g  r o o t  n o d u le s  : g i b b e r e l l i n - l i k e  s u b s ta n c e s  i n  A lnus g l u t i n o s a
(L) G a e r tn . New P h y to l .  %8, 373 -3 8 1 .
H enson , I .E .  & W h e e le r , G .T. (197T b) :  Hormones i n  p l a n t s  b e a r in g  n i t r o g e n -
f i x i n g  r o o t  n o d u le s :  d i s t r i b u t i o n  an d  s e a s o n a l  c h a n g es  i n  l e v e l s
o f  c y to k in in s  i n  A lnus g l u t i n o s a  ( L .)  G a e r tn .
J .  E xp. B o t. 2 8 ,  2 0 5 -2 1 4 .
H enson , I .E .  & W h e e le r ,  G .T. (1 9 7 7 c ) :  Hormones i n  p l a n t s  b e a r i n g  n i t r o g e n -
f i x i n g  r o o t  n o d u le s :  p a r t i a l  c h a r a c t e r i s a t i o n  o f  c y to k in in s  from
r o o t  n o d u le s  o f  A lnus g l u t i n o s a  ( L .)  G a e r tn . J .E x p .B o t .28  , 1 0 7 6 -1 0 8 6 .
H enson , I .E .  & W h e e le r , G .T . (197T& ): Hormones i n  p l a n t s  b e a r in g  n i t r o g e n -
f i x i n g  r o o t  n o d u le s  : c y to k in in  t r a n s p o r t  from  t h e  r o o t  n o d u le s  o f
A lnus g l u t i n o s a  (L . ) G a e r tn .  J .  E xp. B o t . 28 ■> 1 0 9 9 -1 1 1 0 .
H enson , I . E .  & W h e e le r  ( I 9 7 7 e ) :  Hormones i n  p l a n t s  b e a r i n g  n i t r o g e n - f i x i n g
r o o t  n o d u le s :  c y to k in in  l e v e l s  i n  r o o t s  and  r o o t  n o d u le s  o f  some
n o n -le g u m in o u s  p l a n t s .  Z. P f la n ;z e n p h y s io l .  1 7 9 -1 8 2 .
H e r r id g e ,  D .F . & P a t e ,  J .S .  (1 9 7 7 ):  U t i l i s a t i o n  o f  n e t  p h o to s y n th a te  f o r
n i t r o g e n  f i x a t i o n  and  p r o t e i n  p r o d u c t io n  i n  an a n n u a l leg u m e.
P l a n t  P h y s io l .  _60, 7 5 9 -7 6 4 .
129
Hew, C .S . , N e ls o n , G.D. , & K ro tk o v  G-, (1 9 6 7 ) : H orm onal c o n t r o l  o f
t r a n s l o c a t i o n  o f  p h o t o s y n t h e t i c a l l y  a s s i m i l a t e d  ^^G i n  young 
so y b ean  p l a n t s .  Am. J .  B o t .  2 5 2 -2 5 6 .
H il lm a n , J . R . , M a th , V .B . , &iM èdlow , G.G. (1 9 7 7 ):  A p ic a l  dom inance
a n d  t h e  l e v e l s  o f  i n d o le  ^ a c e t i c  a c id  i n  P h a s e o lu s  l a t e r a l  b u d s . 
P l a n t a  1 3 4 , 1 9 1 -1 9 3 .
H oad, G .V ., H i l lm a n , S .K , , & W a re in g , P .P .  (197% ): S tu d ie s  on t h e
movement o f  i n d o le  a u x in s  i n  w il lo w  ( S a l ix  v i m i n a l i s  L ) .
P l a n t a  92> 7 3 -7 8 .
H o c k in g , T . J .  , H i l lm a n , J . R . , & W ilk in s ,  M.B. (1 9 7 2 ) :  Movement o f
a b s c i s i c  a c id  i n  P h a s e o lu s  v u l g a r i s  p l a n t s .
N a tu re  New B io lo g y ,  2 3 5 , 1 2 4 -1 2 5 .
H o l l i s ,  G.A. & T e p p e r , H .B . ( l 9 7 l ) :  A uxin  t r a n s p o r t  w i t h in  i n t a c t
dorm ant an d  a c t i v e  w h i te  a sh  s h o o ts .
P l a n t  P h y s io l .  _48, l 4 6 - l 4 9 .
I g o s M , M. , Y am aguch i, I . ,  T a k a h a s h i , N. & H i r o s e ,  K. , (1 9 7 1 ) :
P l a n t  g ro w th  s u b s ta n c e s  i n  t h e  young  f r u i t  o f  G i t r u s  u n s h iu .
A gr. B io l .  Ghem. 6 2 9 -6 3 1 .
I l a h i ,  I .  & V a rd a r ,  Y. (1 9 7 5 ):  S tu d ie s  i n  t h e  T u r k is h  Garob ( G e r a to n ia
s i l i q u a  L . ) I I .  The l e v e l  o f  g row th  r e g u l a to r y  s u b s ta n c e s  and  
t h e  s u g a r  c o n te n t  a t  d i f f e r e n t  s ta g e s  o f  f r u i t  d e v e lo p m e n t.
Z. P f la n z e n p h y s io l .  7 ^ , 4 2 2 -4 2 6 .
K a tz n e ls o n ,  H. & G o le , S .E . ( 1 9 6 5 ) : P ro d u c tio n  o f  g i b b e r e l l i n - l i k e
s u b s ta n c e s  by  b a c t e r i a  and  ac tin o m y c(eb es .
Gan. J .  M ic r o b io l .  1 1 , 733 -  7^1 .
K e f f o r d ,  N .P . ,  B ro c k w e l l ,  J .  & Z w ar, J .A . (196O ): The s y m b io t ic
s y n th e s i s  o f  a u x in  b y  legum es an d  n o d u le  b a c t e r i a  and  i t s  r o l e  
i n  n o d u le  d e v e lo p m en t. A u s t .  J .  B io l .  S c i .  1 3 ,  456- 6 7 .
K i r k ,  S .C . & J a c o b s ,  W.P. (1 9 6 8 ) ; P o l a r  movement o f  i n d o l e - 3“ a c e t i c  a c id  
i n  r o o t s  o f  Lens and  P h a s e o lu s .
P l a n t  P h y s io l .  4 3 , 6 7 5 -6 8 2 .
K i r k la n d ,  J . J .  ( l 9 7 l ) :  M odern P r a c t i c e  o f  L iq u id  G h ro m ato g rap h y .
New Y ork . W iley  -  I n t e r s c i e n c e .
K u rsa n o v , A .L . ( 1 9 6 3 ) : M e ta b o lism  and  t r a n s p o r t  o f  s u b s ta n c e s  i n  t h e
ph loem . Adv. B o t. R es . _1, 2 0 9 -2 7 8 .
130
L a b a rc a ,  C. , N i c h o l l s ,  P .B . & B a n d u r s k i , E .S . ( 1 9 6 5 ) :  A p a r t i a l
c h a r a c t e r i s a t i o n  o f  i n d o l e a c e t y l - i n o s i t o l s  from  Z ea m ay s.
B iochem . B iopl^ys. R es , Comm. 2 0 , '6 4 1 -6 4 6 .
L e w is , O.A.M. & P a t e ,  J . S .  (1 9 7 3 ) :  The s i g n i f i c a n c e - o f  t r a n s p i r a t i o n a l l y
d e r iv e d  n i t r o g e n  in  p r o t e i n  s y n th e s i s  i n  f r u i t i n g  p l a n t s  o f  p e a  
(P isum  s a t iv u m ) .  J ,  E xp. B o t .  5 9 6 ~ 6 o 6 .
L ih b e n g a , K .R . & H a rk e s , P .A .A . (1 9 7 3 ) :  I n i t i a l  p r o l i f e r a t i o n  o f
c o r t i c a l  c e l l s  i n  t h e  fo rm a tio n  o f  r o o t  n o d u le s  i n  P isum  s a tiv u m  L. 
P l a n t a  I J A , I 7- 2 8 .
L ib b e n g a , K .R . , Van I r e n ,  E. , R o g e r s ,  R .J .  & S c h raa g -L a m e rs  , M .E. (1 9 7 3 ):  
The r o l e s  o f  horm ones an d  g r a d i e n t s  in  t h e  i n i t i a t i o n  o f  c o r t e x  
p r o l i f e r a t i o n  an d  n o d u le  fo rm a tio n  i n P isum  s a tiv u m  L.
P l a n t a  l l 4 ,  2 9 -3 9 .
L in k , G .K.K. (1 9 3 7 ) :  R o le  o f  h e te ro a u x o n e s  i n  legum e n o d u le  f o r m a t io n ,
b e n e f i c i a l  h o s t  e f f e c t s  o f  n o d u le s  and  s o i l  f e r t i l i t y .
N a tu re  i W ,  507“ 508.
L in k , G .K.K. & E g g e r s , V. (1940) : A vena c o l e o p t i l e  a s s a y  o f  e t h e r
e x t r a c t s  o f  n o d u le s  and  r o o t s  o f  b e a n ,  so y b e an  an d  p e a ,
B o t . Gaz. 1 0 1 , 650- 6 5 7 .
L i t t l e ,  C .H .A . , H e a ld , J .K .  & B ro w n in g , G, (1 9 7 8 ) ;  I d e n t i f i c a t i o n  and 
m easu rem en t o f  i n d o l e a c e t i c  a c id  and  a b s c i s i c  a c id s  i n  th e  c a m b ia l 
r e g io n  o f  P ic e a  s i t c h e n s i s  (B o n g .) C a r r ,  by  com bined  gas 
c h ro m a to g rap h y -m ass  s p e c t r o m e tr y .  P l a n t a  1 3 9 , 1 3 3 -1 3 8 .
L i t t l e ,  E .C .S . & B lackm an , G .E. ( I 9 6 3 ) : The movement o f  g ro w th
r e g u l a t o r s  i n  p l a n t s . I l l  C o m p ara tiv e  s tu d i e s  o f  t r a n s p o r t  in  
P h ase  o lu s  v u l g a r i s . New P h y to l .  173“ 19 7*
M cC ready, C .C . ( I 9 6 6 ) : T r a n s lo c a t io n  o f  g row th  r e g u l a t o r s .
Ann. R ev. P l a n t  P h y s io l .  1%, 2 8 3 -2 9 4 .
M cC ready, C .C . & J a c o b s ,  W .P. (1 9 6 3 ) :  Movement o f  grow th r e g u l a t o r s  i n
p l a n t s . I I . P o l a r  t r a n s p o r t  o f  r a d i o a c t i v i t y  from  i n d o l e a c e t i c  
a c id - (^ ^ C )  an d  2 ,4 - d ic h lo r o p h e n o x y a c e t ic  a c id - (^ ^ C )  i n  p e t i o l e s  
o f  P h a s e o lu s  v u l g a r i s . New P h y to l .  _fô, 1 9 -3 4 .
M ann, J .D .  & J a w o r s k i ,  E .G . ( 1 9 7 0 ) : M in im is in g  l o s s  o f  lAA d u r in g
p u r i f i c a t i o n  o f  p l a n t  e x t r a c t s .  P l a n t a  9 2 ,  285 - 2 9 1 !
131
M n c h in ,  F .E . & P a t e ,  J . S .  (1 9 7 3 ) :  The c a rb o n  b a la n c e  o f  a  legum e and
t h e  f u n c t i o n a l  economy o f  i t s  r o o t  n o d u le s .
J .  Exp. B o t . £ 4 ,  259- 7 1 *
M i t c h e l l ,  J.W . & M a r t in ,  W.E. (1 9 3 7 ) :  E f f e c t  o f  i n d o l e a c e t i c  a c id  on
g ro w th  and  c h e m ic a l c o m p o s itio n  o f  e t i o l a t e d  b e a n  p l a n t s .
B o t. Gaz. 99.3 171- 1 8 3 .
M o r r i s ,  D.A. , B r i a n t ,  R .E . & Thom son, P .G . ( 1 9 6 9 ) : The t r a n s p o r t  and
m e ta b o lism  o f  ^ ^ C - la b e l le d  i n d o le a c e t i c  a c id  i n  i n t a c t  p e a  s e e d in g s .  
P l a n t a  8 2 , 178-197*
M o r r i s ,  D.A. & K a d i r ,  G.O. (1 9 7 2 ) :  P athw ays o f  a u x in  t r a n s p o r t  in
i n t a c t  p e a  s e e d l i n g s .  P l a n t a  1 0 7 , 1 7 1 -1 8 2 .
M o r r i s , D.A. & Thom as, A.G. (1 9 7 8 ) :  A m ic r o a u to r a d io g r a p h ic  s tu d y  o f
a u x in  t r a n s p o r t  i n  t h e  s tem  o f  i n t a c t  p e a  s e e d l in g s  ( P isum  s a tiv u m  L .)  
J .  Exp. B o t . 147- 1 5 7 .
M unch, E. ( 1 9 3 0 ) :  D ie  S to ffb e w e g u n g e n  in  d e r  p f l a n z e .
J e n a :  G u stav  F i s c h e r .
Newcomb, W. , S yono , K. & T o r re y ,  J .G .  (1 9 7 7 ):  D evelopm ent o f  an
i n e f f e c t i v e  p e a  r o o t  n o d u le :  m o rp h o g e n e s is , f i n e  s t r u c t u r e  and
c y to k in in  b io f e y n th e s i s . Can. J .  B o t, _25., I 891-1907*
N i t s c h ,  J .  ( 1 9 6 1 ) :  Les a u x in e s  des f r u i t s  e t  l e u r  mode d 'a c t i o n .
I n ;  R ecen t a d v an ces  i n  b o ta n y  from  l e c t u r e s  and  sy m p o s ia  
p r e s e n te d  t o  t h e  9 th  I n t e r n a t i o n a l  B o ta n ic a l  C o n g re s s , M o n tr e a l ,  1959 . 
I I .  U n iv e r s i ty  o f  T o ro n to  P r e s s ,  p p .2 8 3 -2 8 4 .
N i t s c h ,  J . P .  ( 1 9 7 0 ) :  H orm onal f a c t o r s  in  g row th  and  d e v e lo p m e n t.
I n :  The b io c h e m is t r y  o f  f r u i t s  and  t h e i r  p r o d u c t s .  V o l . I .
Ed. A .C . H ulm e, Academ ic P r e s s ,  London and  New Y o rk . p p . 4 2 7 -4 7 2 . 
N i t s c h ,  J . P , , P r a t t ,  C . , N i t s c h ,  C. & S h a u l is  N .J .  ( 196O ) : N a tu r a l
g row th  s u b s ta n c e s  i n  c o n c o rd  and  co n c o rd  s e e d le s s  g ra p e s  in  
r e l a t i o n  t o  b e r r y  d e v e lo p m e n t. Amer. J ,  B o t .  4 7 , 566- 5 7 6 .
O g h o g h o rie , C .G .O ., & P a t e ,  J . S ,  (1 9 7 2 ) :  E x p lo r a t io n  o f  t h e  n i t r o g e n
t r a n s p o r t  s y s te m  o f  a  n o d u la te d  legum e u s in g  
P l a n t a  1 0 4 , 35-49*
O O strom , H. , T r e u m i e t , F . E . ,  & Mennes , A.M. (1 9 7 5 ) :  C y to c h e m ica l
l o c a l i s a t i o n  o f  p e r o x id a s e  d u r in g  th e  d ev e lo p m en t o f  r o o t  n o d u le s  
o f  P isum  s a tiv u m  L. Z. P f la n z e h p h y s id l . 7 4 , 4 5 1 -4 6 3 .
132
P a t e ,  J .S .  ( 1 9 5 8 ) :  S tu d ie s  o f  t h e  g row th  s u b s ta n c e s  o f  legum e n o d u le s
u s in g  p a p e r  ch ro m a to g ra p h y . A u s t . J .  B i o l . S c i .  1 1 ,  516- 5 2 8 .
P a t e ,  J . S . ,  & P l i n n ,  A.M. (1 9 7 3 ) :  Carbon and  n i t r o g e n  t r a n s f e r  from
v e g e ta t i v e  o rg a n s  t o  r ip e n i n g  s e e d s  o f  f i e l d  p e a  ( P isum  a rv e n s e  L . ) 
J .  E xp. B o t . 1090 - 1 0 9 9 .
P a t e ,  J . S .  & H e r r id g e ,  D .F . (1 9 7 8 ) :  P a r t i t i o n i n g  an d  u t i l i s a t i o n  o f  n e t
p h o to s y n th a te  i n  a  n o d u la te d  a n n u a l legum e.
J .  E xp. B o t . 2 2 , 4 o1 -4 1 2 .
P a t r i c k ,  J.W . (1 9 7 6 ) :  H o rm o n e -d ire c te d  t r a n s p o r t  o f  m e t a b o l i t e s .
I n :  T r a n s p o r t  and  t r a n s f e r  p r o c e s s e s  in  p l a n t s .  E d s . I . F .W ardlaw  
and  J .B .  P a s s io u r a ,  Academ ic P r e s s ,  New Y o rk . p p . 4 3 3 -4 4 6 .
P a t r i c k .  J.W . (1 9 7 9 ):  A u x in -p ro m o ted  t r a n s p o r t  o f  m e ta b o l i t e s  i n
stem s o f  P h a s e o lu s  v u l g a r i s  L. F u r th e r  s t u d i e s  on e f f e c t s  rem o te  
from  t h e  s i t e  o f  horm one a p p l i c a t i o n .  J .E x p .B o t .  I - 1 3 .
P a t r i c k ,  J.W . & W a re in g , P .F .  (1 9 7 6 ) : A u x in -p ro m o ted  t r a n s p o r t  o f
m e ta b o l i te s  i n  s tem s o f  P h a s e o lu s  v u l g a r i s  L .
J .  Exp. B o t . 2%, 969 - 9 8 2 .
P a t r i c k ,  J.W . & W a re in g , P .F .  ( 1 9 7 8 ) :  A u x in -p ro m o ted  t r a n s p o r t  in
m e ta b o l i te s  i n  s tem s o f  P h a s e o lu s  v u l g a r i s  L.
J .  E xp. B o t. 2 2 , 359- 3 6 6 .
P a t r i c k ,  J .W . & W o o lle y , D .J .  ( 1 9 7 3 ) :  A uxin p h y s io lo g y  o f  d e c a p i t a t e d
stem s o f  P h a s e o lu s  v u l g a r i s  L. t r e a t e d  w ith  i n d o l - 3 y l ~ a c e t i c  a c id .
J .  E xp. B o t. 2 4 ,  949- 5 7 .
P e n g e l ly ,  W. & M e in s , F . ( 1 9 7 7 ) :  A s p e c i f i c  rad io im m u n o assay  f o r
nanogram  q u a n t i t i e s  o f  t h e  a u x in ,  i n d o l e - 3- a c e t i c  a c id .
P l a n t a  1 3 6 , 173- I 8O.
P e n o t ,  M. ( 1 9 6 1 ) :  D ép lacem en ts  l i b é r i e n s  du p h o sp h o re  l i é s  aux a p p e ls
de c r o i s s a n c e .  C .H .A cad. S c i . P a . r i s ,  D, 2 5 3 , 2 1 0 5 -2 1 0 9 .
P e r c i v a l ,  F.W. & B a n d u r s k i , R .S . ( I 9 7 6 ) : E s t e r s  o f  i n d o l e - 3 - a c e t i c
a c id  from  A vena s e e d s .  P l a n t  P h y s io l .  2 8 ,  6O -6 7 .
P h i l l i p s ,  D.A. & T o r r e y ,  J .G .  (1 9 7 0 ) :  C y to k in in  p r o d u c t io n  b y
R hizob ium  ja p o n ic u m . P h y s io l .  P l a n t  2 3 , 1057 -  IO 6 3 ,
P h i l l i p s ,  D.A. & T o r r e y ,  J .G .  (1 9 7 2 ) :  S tu d ie s  on c y to k in in  p r o d u c t io n
by  R h izo b iu m . P I .  P h y s io l .  4 2 , 1 1 -1 5 .
P h i l l i p s ,  I . D . J .  ( 1 9 7 5 ) :  A p ic a l  d o m in an ce .
Ann. Rev. P l a n t  P h y s io l .  _2^, 341 -367 .
P o w e l l , L .E . & T a u tv y d a s , K .J ,  ( 1 9 6 7 ) :  C hrom atography  o f  g i b b e r e l l i n s  on
s i l i c a  g e l  p a r t i t i o n  co lum ns. N a tu re  2 1 3 , 2 9 2 -2 9 3 .
133
F i l e t ,  P .E . (1 9 6 4 ) :  A uxin  t r a n s p o r t  i n  r o o t s  -  Lens c u l i n a r i s .
N a tu re  2 0 4 , 561- 5 6 2 .
P o s th u m u s , A .C . ( 196T ) : Crown, g a l l  en  i n d o l a z i j n z u u r , P h .D . T h e s is
U n iv e r s i ty  o f  L eyden .
P u p p o , A. & H ig a u d , J .  (1 9 7 8 ) :  C y to k in in s  an d  m o rp h o lo g ic a l  a s p e c ts
o f  F re n c h -h e a n  r o o t s  i n  t h e  p r e s e n c e  o f  E h iz o h iu m .
P h y s io l .  P l a n t  4 2 , 2 0 2 -2 0 6 .
P u p p o , A . ,  R ig a u d , J .  & B a r th e , P . (1 9 7 4 ) :  On t h e  p r e s e n c e  o f
c y to k in in s  i n  t h e  n o d u le s  o f  P h a s e o lu s  v u l g a r i s .
C.R. A cad. S c i .  P a r i s ,  D , 2 7 9 , 2029 -  2 0 3 2 ,
R a d le y , M. ( I 9 6 1 ) :  G i h h e r e l l i n - l i k e  s u b s ta n c e s  i n  p l a n t s .
N ature 1 9 1 , 6 8 4 -6 8 5 .
R ee v e , D .R . & C r o z i e r ,  A, (1 9 7 6 ) :  P u r i f i c a t i o n  o f  p l a n t  horm one
e x t r a c t s  b y  g e l  p e rm e a tio n  c h ro k a to g ra p h y . P hy tochem . 1 5 ,7 9 1 -7 9 3 .
R eev e , D .R . & C r o z i e r ,  A. (1 9 7 7 ) :  R a d i o a c t iv i t y  m o n ito r  f o r  h ig h -
p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h y . J .  Chrom. 1 3 7 , 2 7 1 -2 8 2 .
R eev e , D.R. & C r o z i e r ,  A. (1 9 7 8 ) :  The a n a ly s i s  o f  g i b b e r e l l i n s  b y
h ig h  p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h y . I n :  I s o l a t i o n  o f  P l a n t
Growth S u b s ta n c e s .  E d . J .R .  H illm a n . Cam bridge U n iv e r s i ty  P r e s s .
p p . 41- 7 7 .
R ee v e , D .R ., Y o k o ta , T . ,  N ash , L . J .  & C r o z ie r ,  A. ( 1 9 7 6 ) : The
dev e lo p m en t o f  a  h ig h  p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h  w i th  a 
s e n s i t i v e  o n - s t r e a m  r a d i o a c t i v i t y  m o n ito r  f o r  t h e  a n a l y s i s  o f  
and  ^ ^ C - la b e l l e d  g i b b e r e l l i n s .  J .  E xp. B o t .  2%; 1 2 4 3 -5 8 .
R ig a u d , J .  & B u la r d ,  C. (1 9 6 5 ) :  S u r  l a  p r e s e n c e  d ' i n d o l y l - 3 - a ld é h y d e
e t  d 'a c i d e  i n d o ly 1 - 3 - c a r b o x y l i que dans l e s  m i l ie u x  de c u l t u r e  
de R h izo b iu m . C.R. A cad . S c i .  P a r i s ,  D, 2 6 1 , -784-786.
R i v i e r ,  L. & P i l e t , P .E . (1 9 7 4 ) :  I n d o l y l - 3 - a c e t i c  a c i d  i n  cap  and
ap ex  o f  m aize  r o o t s :  i d e n t i f i c a t i o n  and  q u a n t i f i c a t i o n  b y  m ass
f ra g m e n to g ra p h y . P l a n t a  1 2 0 , 1 0 7 -1 1 2 .
R o d r ig u e z -B a r ru e c o , C. (1 9 6 8 ) : E le m e n ta l  n i t r o g e n  as a  s t a r t i n g  p o i n t
f o r  p r o t e i n  s y n t h e s i s .  I n :  La s i n t e s i  b i o l o g i c a  d e l l e  p r o t e i n e ,
P ro c e e d in g s  o f  V II  S im p o s io  I n t e r n a z i o n a le  d i  A g r ic h im ic a .
S a lam an ca , p p . 3 5 4 -3 6 0 .
R o d r ig u e z -B a r ru e c o 3 C. & Berm udez De C a s t r o ,  F . (1 9 7 3 ) :  C y to k in in ­
in d u c e d  p se u d o n o d u le s  on A lnus g l u t i n o s a . P h y s i o l .  P l a n t  _29,5 277-280 ,
134
R o w n tre e , R .A . & M o r r i s ,  D.A. (1 9 7 9 ) :  A c c u m u la tio n  o f  from
exogenous l a b e l l e d  .a u x in  i n  l a t e r a l  r o o t  p r im o r d ia  o f  i n t a c t  
p e a  s e e d in g s  (P isum  s a tiv u m  L . ) ,  P l a n t a  l 4 4 , 4 6 3 -4 6 6 .
S c h le n k , H. & G eH erm an (1 9 6 0 ) ; E s t é r i f i c a t i o n  o f  f a t t y  a c id s  w ith  
d ia z o m e th a n e  on a  s m a l l  s c a l e .  A n a l. Ghem. 3 2 ,  l 4 l 2  “ l 4 l 4 .
S c h n e id e r ,  E .A . & W ightm an, P . (1 9 7 4 ) :  M e ta b o lism  o f  a u x in  in  h ig h e r
p l a n t s .  Ann. R ev. P I .  P h y s io l .  2 2 ,  4 8 7 -5 1 3 .
S c o t t ,  T .K . ( 1 9 7 2 ) :  A ux ins and  r o o t s .  Ann. R ev. P I .P h y s i o l .  2 3 ,  235-58 ,
S c o t t ,  T .K . & W ilk in s ,  M.B. ( 1 9 6 8 ) :  A uxin t r a n s p o r t  i n  r o o t s .  I I ,
P o l a r  f l u x  o f  lAA i n  Z ea r o o t s .  P l a n t a  83* 3 2 3 -3 3 4 .
S em bdner, G . , B orgm ann, E . , S c h n e id e r ,  G . , L i e b i s c h ,  H.W. , M ie r s h , 0 . ,  
Adam, G . , L is c h e w s k i ,  M. & S c h r e i b e r ,  K. (1 9 7 6 ) :  B io l o g ic a l
a c t i v i t y  o f  some c o n ju g a te d  g i b b e r e l l i n s .  P l a n t a  1 3 2 , 249-257*
S e q u e i r a ,  L. (1 9 7 3 ) :  Hormone m e ta b o lism  i n  d i s e a s e d  p l a n t s .
Ann. Rev. P I .  P h y s io l .  _24, 3 5 3 -8 0 .
S e th ,  A.K. & W a re in g , P .F .  ( 1 9 6 7 ) :  H o rm o n e -d ire c te d  t r a n s p o r t  o f
m e ta b o l i t e s  an d  i t s  p o s s i b l e  r o l e  i n  p l a n t  s e n e s c e n c e .
J .  E xp . B o t . 0 3 ,  65- 7 7 .
S h e ld r a k e ,  A .R . (1 9 7 3 ) :  Do c o l e o p t i l e  t i p s  p ro d u c e  a u x in ?
New P h y to l .  7 2 , 4 3 3 -4 4 7 .
S i l v e r ,  W .S ., B e n d a n a , F . E . , & P o w e l l ,  R.D. ( 1 9 6 6 ) : R oot n o d u le
s y m b io s is  I I .  The r e l a t i o n  o f  a u x in  t o  r o o t  g e o tro p is m  i n  r o o t s  
and  r o o t  n o d u le s  o f  n o n -le g u m e s . P h y s io l .  P l a n t  I ^ ,  2 0 7 -2 1 8 .
S l a n k i s , V. (1 9 7 3 ) :  H orm onal r e l a t i o n s h i p s  i n  m y c o r r h iz a l  d e v e lo p m e n t.
On: E c to m y c o rrh iz a e . Ed. G.G. M arks and  T .T , K o z lo w sk i. Academ ic 
P r e s s ,  New Y o rk . p p . 2 3 2 -2 9 8 .
S m ith , C.W. & J a c o b s ,  W .P. (1 9 6 9 ) : The movement o f  lAA-^^C i n  t h e  
h y p o c o ty l  o f  P h a s e o lu s  v u l g a r i s . Amer. J .  B o t .  2 6 ,  4 9 2 -4 9 7 .
S n e d e c o r , G.W. & C o c h ra n , W.G. (1 9 6 7 ) :  I n ' S t a t i s t i c a l  M ethods’. Iow a
S t a t e  U n iv e r s i ty  P r e s s ,  p . 275*
S n y d e r , L .R . ( 1 9 6 8 ) :  P r i n c i p l e s  o f  a d s o r p t io n  c h ro m a to g ra p h y .
M a rc e l D e k k e r , New Y ork .
S n y d e r , L .R . ( l 9 7 1 a ) :  R o le  o f  t h e  m o b ile  p h a s e . I n :  M odern P r a c t i c e
o f  L iq u id  C h ro m ato g rap h y . E d . J . J .  K ir k la n d .  W iley  1 9 7 1 . p p .1 2 5 -1 5 7 .
S n y d e r , L .R . (1 9 7 1 b ) :  The p r a c t i c e  o f  l i q u i d - s o l i d  c h ro m a to g ra p h y .
I n :  M odern P r a c t i c e  o f  L iq u id  C hrom atog raphy . E d . J . J .  K ir k la n d .  
W ile y . p p . 205- 2 3 6 .
135
S n y d e r , L .E . & K i r k la n d ,  J . J .  ( 1 9 7 4 ) :  I n t r o d u c t i o n  t o  m odern l i q u i d
ch rom ât o g ra p h y . New ‘ Y ôrk . Wil e y - I n t  e r s  c i  enc e .
S t o n i e r ,  T. (1 9 7 ^ ) :  The r o l e  o f  a u x in  p r o t e c t o r s  i n  c e l l  d i v i s i o n .
I n :  9 th  I n t .  C onf. P i t .  Growth S u b s . 1976 . A b s t r .  P a p e r  
D e m o n s tra tio n s  p . 376.
S w e e ts e r ,  P .B . & S w a r tz f a g e r ,  D.G. (1 9 7 8 ) :  I n d o le - 3 ~ a c e t i c  a c id  l e v e l s
o f  p l a n t  t i s s u e  a s  d e te rm in e d  b y  a  new h ig h  p e rfo rm a n c e  l i q u i d  
c h ro m a to g ra p h ic  m ethod . P la n t  P h y s io l .  _6l, 2 5 4 -2 5 8 .
S yono , K. (1 9 7 9 ):  C o r r e l a t i o n  b e tw een  in d u c t io n  o f  a u x in - n o n r e q u i r in g
to b a c c o  c a l l u s e s  an d  i n c r e a s e  i n  i n h i b i t o r ( s )  o f  lAA.-de s t r u c t  io n  
a c t i v i t y .  P l a n t .  & C e l l  P h y s io l .  2 0 ,  2 9 -4 2 .
S yono , K . , Newcomb, W. & T o r re y ,  J .G .  (1 9 7 6 ) :  C y to k in in  p r o d u c t io n  in
r e l a t i o n  t o  t h e  d eve lopm en t o f  p e a  r o o t  n o d u le s .
Can. J .  B o t. 2 4 ,  2155"2162 .
S yono , K. & T o r r e y ,  J .G .  (1 9 7 6 ):  I d e n t i f i c a t i o n  o f  c y to k in in s  o f  r o o t
n o d u le s  o f  t h e  g a rd e n  p e a ,  P isum  sa tiv u m  L.
P la n t  P h y s io l .  2 2 a  602- 6 0 6 .
T a k a h a s h i ,  N . , Y am aguch i, I . ,  K ono, T . ,  I g o s h i ,  M. , H i r o s e ,  K. & S u z u k i ,  K. 
(1 9 7 5 ) :  C h a r a c t e r i s a t i o n  o f  p l a n t  grow th  s u b s ta n c e s  i n  C i t r u s  u n s h iu
and  t h e i r  ch an g es in  f r u i t  d e v e lo p m en t.
P l a n t  & C e l l  P h y s io l .  , 1 1 0 1 -1 1 .
Tem piem an, W.G. ( l 9 4 l ) : C u l tu re  o f  p l a n t s  i n  sa n d  an d  s o l u t i o n s .
B u l l .  J e a l o t t ' s  H i l l  R es. S t a . , i i .  p p .2 8 .
T him ann, K.V. (1 9 3 6 ) :  On th e  p h y s io lo g y  o f  t h e  f o rm a tio n  o f  n o d u le s
on legum e r o o t s .  P ro c . N a t. A cad. S c i .  2 2 ,  5 1 1 -5 1 4 .
T him ann, K.V. (1 9 3 9 ) :  The p h y s io lo g y  o f  n o d u le  f o r m a t io n .
T ra n s . 3 rd  Comm. I n t .  S oc . S o i l  S c i .  V o l.A : 2 4 -2 8 .
T i l l b e r g ,  E. (1 9 7 4 ) :  O c c u rre n c e  o f  endogenous i n d o l e - 3 y l - a s p a r t i e
a c id  i n  l i g h t  an d  d a rk  grown b e a n  s e e d l i n g s .  ( P h a s e o lu s  v u l g a r i s ) .  
P h y s io l .  P l a n t .  3 1 , 2 7 1 -2 7 4 .
T u r n e r ,  W.B. & B id w e l l ,  R .G .S . (1 9 6 5 ) :  R a te s  o f  p h o to s y n th e s is  i n
a t t a c h e d  an d  d e ta c h e d  b e a n  le a v e s  an d  e f f e c t  o f  s p ra y in g  w ith  lAA 
s o l u t i o n .  P l a n t  P h y s io l .  J+O, 446-451»
U eda, M. & B a n d u r s k i ,  R .S . (1 9 7 4 ):  S t r u c t u r e  o f  i n d o l e - 3 - a c e t i c  a c id
m y o in o s i to l  e s t e r s  and  p e n ta m e th y 1 - m y o in o s i to ls .
P hy tochem . 3 3 , 2 4 3 -2 5 3 .
136
W ardlaw , I . F . & Monc u r , L . (1 9 T 6 ): S o u rc e ,  s in k  an d  h o rm o n a l c o n t r o l
o f  t r a h s l o c a t i o n  i n  w h e a t. ‘ P l a n t a  1 2 8 ,  9 3 -1 0 0 .
W ent, F.W. (1 9 3 6 ) :  A llg e m e in e  Be t ra c h tu n g e n  u b e r  das A u x in p ro h lem .
B io l .  Z h l. 2 6 ,  4 4 9 -4 6 3 .
W h e e le r , G .T . , C am eron, E.M. & G ordon , J .C .  (1 9 7 8 ) :  E f f e c t s  o f  h a n d l in g  
and  s u r g i c a l  t r e a tm e n ts  on n i t r o g e n a s e  a c t i v i t y  i n  r o o t  n o d u le s  o f  
A lnus g l u t i n o s a , w i th  s p e c i a l  r e f e r e n c e  t o  t h e  a p p l i c a t i o n  o f  
i n d o l e - a c e t i c  a c id .  New P h y to l .  _80, 1 7 5 -1 7 8 .
W h e e le r , C .T . , G ordon , J .C .  & C h in g , T.M. (1 9 7 9 a ) :  Oxygen r e l a t i o n s  o f
th e  r o o t  n o d u le s  o f  A lnus r u b r a  Bong. New P h y to l .  § 2 ,  4 4 9 -4 5 7 .
W h e e le r , C .T . & H enson , I .E .  (1 9 7 8 ) :  Hormones i n  p l a n t s  b e a r in g
n i t r o g e n - f i x i n g  r o o t  n o d u le s  : t h e  n o d u le  a s  a  s o u rc e  o f  c y to k in in s
i n  A lnus g l u t i n o s a  ( L . ) G a e r tn .  New P h y to l .  8 0 ,  5 5 7 -5 6 5 .
W h e e le r , C .T , , H en so n , I .E .  & M cL au g h lin , M.E. (1 9 7 9 ) :  Horm ones i n
p l a n t s  b e a r in g  a c tin o m y c e te  n o d u le s .
B o t. G az. l 4 0 , 52- 5 7 .
W o o lle y , D . J . ,  & W a re in g , P .F .  (1 9 7 2 ) :  The r o l e  o f  r o o t s ,  c y to k in in s  and
a p ic a l  dom inance i n  t h e  c o n t r o l  o f  l a t e r a l  s h o o t fo rm  in  Solanum  
a n d ig e n a . P l a n t a  1 0 5 , 3 3 -4 2 .
Z a ir s k i , E. & W a re in g , P .F ,  (1 9 7 4 ) :  V e r t i c a l  and  r a d i a l  movement o f
a u x in  i n  young sycam ore  p l a n t s .  New P h y to l .  7 3 , 6I - 6 9 .
